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PREPACE. 



The following pages have been written as an ele- 
mentary account of Coal, and the modes of working 
and raising it from the pits. Those who are familiar 
with the details of this great branch of British 
industry may probably object to the brevity with 
which portions of the subject have been treated ; 
but I must plead in reply the narrow limits allotted 
me. I have endeavoured as far as possible to 
supply a general view of the methods and appliances 
employed in various districts, giving the fuller promi- 
nence to a description of the principal coal-producing 
regions at home and abroad, and of the various pre- 
cautions needed for the preservation of human life. 

Public attention has been forcibly called, whilst this 
work was in the printer's hands, to the question of the 
duration of the coalfields ; and the Boyal Commission, 
appointed during the last session of Parliament, tes- 
tifies to the importance of providing our political 
economists with more accurate datd than it has 
hitherto been possible to obtain* In my closing 
chapter the same topic has been somewhat briefly 
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handled ; and as I have dwelt, not on speculationfi, but 
on statistical facts and personal observation, I have 
seen no grounds, in the numerous speeches and 
writings produced within the last six months, for 
wishing to modify my statements. 

Finally, whilst I would refer the student for ampler 
details to the treatises of M. Combes, M. Ponson, 
and M. Burat, Mr. Dunn, Mr. Greenwell, Mr. Hedley, ^ 
and to other works mentioned in my text, I trust that 
this little introduction to Coal-mining bears internal 
evidence of not being mere extract of books, and that 
— ^whilst intended mainly to convey sound informa- 
tion to the unpractised — it may, nevertheless, contain 
matter of interest for viewers and overmen, to a long 
list of whom I have to express my thanks for many an 
instructive and agreeable day underground. 

w. w. s. 

LoKDOir, Sepfemhrj IS69. 



PREFACE TO THE SECOND EDITION. 



As the present publishers of this work intend to issue 
a new edition of it as one of the '' Rudimentary 
Treatises/' for whioh series it was originally written, 
the author has gladly availed himself of the opportunity 
to correct some errors which had escaped notice in the 
former edition. 

He has also brought the statistics up to a recent date, 
and inserted notes bearing upon several important 
topics. 

In the interval which has elapsed since the first 
publication of these pages, the most notable phase in 
coal-mining has been the attention bestowed by coal- 
viewers and engineers on the farther application of 
machinery to three departments of their art ; viz., the 
getting of the coal, the underground haulage, and the 
ventilation of the works. Many coal-cutters and several 
ingenious contrivances for wedging down the seam by 
hydraulic power have been patented, but neither of them 
has been as yet so commonly applied as to need full 
description in a work professing only an elementary 
and general character. The latter two subjects have 
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been admirably treated in the ''Transactions of the 
Northern Institute of Mining Engineers/' to which the 
author would refer his reader for details. 

During the same interval the Eoyal Commission on 
Coal has, in completing its laborious task, allayed in 
great measure the public apprehension as to the early 
exhaustion of our fossil ftiel, by making up a grand 
sum-total of coal in store — ^far beyond what moderate 
men had before estimated. Chapter XIX. should 
therefore be read with the understanding that its 
subject-matter has been most fully handled in the 
Beport of the Commission. But, besides the copious 
harvest of facts, there is necessarily introduced a region 
of induction with more or less uncertainty attached to 
it, on which varying conclusions may be based. The 
duration of the coal-fields is a more intricate problem 
than might at first appear, and whilst nothing has been 
recently discovered seriously affecting the data, some 
of the opinions broached in his concluding chapter 
will, the author thinks, be found to be strongly 
supported by the movements and position of the coal 
trade and the colliers in the past year. 

w. w. s. 

London^ Jufy, 1872. 



PREFACE TO THE FIFTH EDITION. 



At the time when the author penned the preface to the 
edition which appeared in 1872, the coal trade had been 
swollen into an exuberant prosperity, highly exhilarat- 
ing for a time, but wholesome neither to men nor 
masters; and it appeared to the statistician a knotty 
problem how much higher the price of coal would rise, 
and to what gigantic figure our annual production 
would attain. But a period, first of check, and then of 
sad depression, has since taught us seyere lessons. 

The startling observation made about 1860— that 
the British output of coal is doubled in twenty years — 
held good till oyer the year 1877. 

Thus, the total prodaciion was in 1858 . . . 66,008,649 Urns. 

n n n n 1877 . . . 134,610,763 „ 

But at length, instead of the yearly increment of 
some 3,000,000 tons, a diminution has appeared which 
must tell upon the arguments of some of those who 
discussed the duration of the coal-fields. 

The author has to thank Mr. Carruthers, F.II.S., 
the eminent botanist of the British Museum, for 
reyising the chapter on the Plants of the Coal Measures, 
and bringing it abreast of the most recent yiews. 

In the actual getting of coal, much attention has in 
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the past few years been devoted to coal-cutting and 
wedging machinery, without as yet adequately satis- 
factory results. 

In the same period a revolution has taken place 
throughout the country in the substitution, to a great 
extent, of mechanical agents for the furnaces employed 
in ventilation. In a less degree the pattern of engines 
is changing, and particularly in^ pumping, where the 
"special" and Davey's compound diflTerential engine 
are gaining favour. 

The Mines Regulation Act of 1872 is accused of 
having introduced sundry difficulties, and a palpable 
increase of cost in the raising of coal. It has the merit 
of drawing attention to many points which were apt 
to be neglected, but it has sometimes peremptorily 
decided on matters of detail which might perhaps 
better have been left open. 

A change, which the author has for years watched 
in its advance, and to which he can refer as soundly 
and widely beneficial, is the general improvement 
brought about by the action of Institutes of mining 
Engineers. In these societies, now founded in most of 
our coal districts, the old local jealousies are swamped, 
and questions of practical work and scientific research 
investigated and described. 

In so many instances has the author to recognise the 
value of the labours of these independent associations, 
that he must regard them as a most important factor in 
produciQg constant improvement by means of a higher 
cultivation. 

W. W. S. 

TiONDONy May^ 1880. 
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COAL AND COAL-MINma- 



CHAPTER I. 

THE USE OF COAL : ITS COMMENCEMENT AND EXTENSION. 

In these our modern days, suiromided as we are by 
coal fires, steam, and coal products, it is somewhat 
difficult to imagine ourselves in the position of the 
early writers on natural history, who touched witli 
uncertain pen on what they thought to be the leading 
characters of a rare and ambiguous mineral Many 
of the passages which have been quoted from ancient 
authors as indicating a knowledge of the use of coal 
have no reference whatever to the substance to which 
we now give the name, but indicate simply charcoal, or 
even wood-fueV. The translators of the Scriptures have 
thus employed the word coal in the same sense as the 
Greek antkraXj the Latin carbo, and the German koAle; 
the same, in fact, as was usual in our own language, 
until wood and charcoal came to be supplanted as fuel 
by their stony relative. 

Certain varieties of this mineral were noticed by the 
ancients, although with little idea of the probability 
of their receiving any extensive application. Thus 
Theophrastus, the pupil of Aristotle, in an oft-quoted 
passage, described, nearly 300 years B.C., a fossil or 

B 
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stone coal of an earthy character, found in Liguria 
(now the province of Genoa), and in Elis, on the way to 
Olympias, capable of kindling and burning like char- 
coal, and employed by smiths. Ampelitis^ a black 
stone " like bitumen," and GagateSy or jet, are men- 
tioned by Pliny and others as available for medicinal 
or ornamental purposes; but neither the naturalists 
who endeavoured to describe the various products of 
creation, nor the historians who enumerated the sources 
of wealth of particular countries, leave us the impres- 
liion of their having seen or heard of a generally useful 
fossil fuel. It has been attempted to show that the 
early Britons worked coal ; and a stone axe, stated by 
Pennant to have been found in the out-crop of a coal 
seam in Wales, has been well-nigh worn out in the 
service ; but we have no satisfactory evidence on the 
subject prior to the later days of the Roman occupation? 
when roads had been carried through many of the coal- 
producing districts. Coal cinders have been found 
amid the ruins of several of the Roman stations in 
Durham, Northumberland, and Lancashire, and more 
recently at Wroxeter, the ancient Uriconium, the 
destruction of which place dates, according to Mr. 
Thomas Wright, F.S.A., from the 6th century.* 

It is not until the thirteenth century that we obtain 
clear proof that coals were systematically raised for fuel. 
In 1239 King Henry III. is stated to have granted a 
charter for this purpose to the townsmen of Newcastle- 
on-Tyne ; and so early was the produce of their pits 
attracted to the devouring focus of London, that by the 
beginning of the next century great complaint arose on 

* The cinders were still on the ground adjoining the baths when 
the British Association excursion yisited tne spot in September, 1865. 
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the injury done by the coal smoke to the health of the 
citizens. In 1306, on petition by Parliament, King 
Edward I., says Stowe, "by proclamation, prohibyted 
the borneing of sea-coale in London and the suburbs, 
to avoid the sulferous smoke and savour of the firing; 
and in the same proclamation commanded all persons 
to make their fires of wood." Not twenty years, how- 
ever, passed away before the inevitable consequence of 
a gradually pressing scarcity of wood followed; the 
banished "sea-coale" again sailed up the Thames, 
landed in the capital, and actually efiected a lodgment 
in the royal palace.* From that time forth, with a 
temporary check during the civil wars, the coal trade 
grew with the growth of the population, especially of 
London and the east coast, and pari passu with the 
rapid destruction of the forests. 

On the Continent the coal basin of Zwickau, in 
Saxony, appears to have been the earliest known in 
Grermany, and it is said that its working can be carried 
back to the time of the Sorbenwends, about the tenth 
century. In 1348 the metal-workers of that town were 
forbidden to pollute the air with the smoke of coal. 
In Westphalia coals seem to have been dug near Dort- 
mund as early as 1302. 

The first mention of coal-mining in Scotland occurs 
in a grant executed in 1291 in favour of the abbot and 
convent of Dunfermline. Coal was probably worked 
on a small scale in several of the English and Welsh 
disteicts about this time ; and we have the evidence of 
the quaint old traveller, Marco Polo, to show that the 
Chinese were at the same epoch well acquainted with 
it^ use. 

• ** The Hifltory of Fossil Fael." London, 1841. 

B 2 



4 COAL AND COAL-MINING. 

One of the earliest manufactures which depended on 
the use of coal was glass-making, commenced ahout 
1619 on the hanks of the Tyne. In the year 1635 a 
proclamation of King Charles, prohibiting the impor- 
tation of foreign glass, set forth that " Sir Robert 
Mansell had by his industry and great expense per- 
fected that manufacture with sea-coal, or pit-coal, 
whereby not only the woods and timber of this king- 
dom are greatly preserved, but the making of all kinds 
of glass is established here, to the saving of much 
treasure at home, and the employment of great num- 
bers of our people." 

Up to the end of the seventeenth century pit-coal 
was employed for little else than household purposes ; 
but it is not possible to obtain statistics of the quan- 
tities raised, excepting the amounts which were shipped. 
London and the east and south-east coast, as well as 
some continental ports, were supplied by Newcastle 
and Sunderland, which, about 1704, shipped off in a 
year respectively — 

178^143 chaldrons, or 473,080 tons, 

and 
65,760 chaldrons, or 174,264 tons. 

In 1750 the vend from both ports together amounted 
to 1,193,457 tons. 

Dublin and the east coast of Ireland were supplied 
from Flintshire and Whitehaven ; whilst the require- 
ments of the rest of the country were variously con- 
tributed to by smaU workings in the Lancashire, Staf- 
fordshire, Warwickshire, and other coalfields. Many 
experiments had in the meanwhile been tried in Staf- 
fordshire and the Forest of Dean to substitute pit-coal 
for wood-coal in the smelting of iron ; but before this 
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great reyolntion in commerce conld be accomplished, 
about one hundred and twenty years were to be occa- 
pied in trials, disappointments, losses, and delays. 

Meanwhile the beginning of the eighteenth centniy 
was marked by the first wavering steps of the infant, 
Steam, so soon to develop into the mighty giant, 
depending for his strength on coal, himself making 
possible the extraction of the fuel from amid dif- 
ficulties till then insurmountable, and opening out a 
thousand new methods for its consumption and appli- 
cation. Thus far coal had been valued for the pro- 
duction of HEAT only : it was now to enter upon a 
second phase of usefrilness — that of the generation of 
FORCE. Already ingenious minds had pondered on the 
possibility of raising water from the mines by aid of 
the power of steam. Solomon de Cans, a French 
engineer, in his work, published in 1615, entitled 
^^ Les Baisons des Forces Mouvantes," proposed the 
experiment in scientific terms; and the Marquis of 
Worcester, in his " Century of Inventions," in 1655, 
rather dimly foreshadowed what might be done. But 
it was reserved for our countryman. Captain Thomas 
Savery, to apply the steam practically by the intro- 
duction of the principle of a vacuum, and to erect 
engines for the actual unwatering of mines at Great 
Work, in the parish of Breage, ComwaU, and in 
several other localities. In his paper, read to the 
Royal Society in 1699, and in his treatise, "The 
Miner's Friend," 1702, Savery describes the construc- 
tion of his fire-engine, and renders it very clear that 
although the coals to be used were to be " of as little 
value as the coals commonly burned in the mouths of 
the coal-pits are," this ingenious invention, in which 
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the water was first " sucked np '' into a receiver by 
condensing the steam within it, and then forced up a 
stand-pipe by the direct impulse of the steam, required 
at least another step to fit it for general application. 
This step was the interposition of a piston, on the 
surface of which the steam should exert its power ; 
and the application was ere long made by Newcomen. 
Some years, however, before this, Dr. Papin, a French 
refugee, had proposed an engine, in which a piston 
working in a cylinder should be raised by the explosive 
force of gunpowder, and then depressed, on the con- 
densation of the .gases, by atmospheric pressure. Soon 
afterwards he endeavoured to obtain the same result, so 
difficult of regulation with gunpowder, by introducing 
the elastic power of steam.* But although experiments 
were made at certain mines in the Auvergne and in 
Westphalia, Papin^s contrivance was so far unsuccessftil. 
Newcomen appears to have been assisted by the 
suggestions of Dr. Hooke, the secretary of the Royal 
Society, and to have first tried his "fire-engine" on 
the large scale at a colliery near Wolverhampton. His 
mode of condensation by cooling the outside of the 
cylinder at every stroke proved to be inefficient, and it 
was only when he introduced an internal jet of cold 
water that success became decided. In concert with 
his assistant. Galley of Dartmouth, he erected near 
Newcastle and in Yorkshire several engines of 23 
inches cylinder, and in 1720 constructed at Wheal 
Fortune, in Ludgvan, an engine with cylinder of 
47 inches diameter, working 15-inch pumps, to be 
soon followed by others at Wheal Hose, near Redruth, 

* The engine with its piston {ptsiillum) is described and figmed ii) 
thd " Acta Eruditorom/' LipsisB, 1707. 
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Wheal Busy, and Polgooth mines. Coal was burnt 
under their clumsy dome-shaped boilers at a fearful 
rate; but what matter? It must be done, if the hid- 
den treasures of tin in the wfest, and coal in the north 
were to be followed up to depths that had been proved 
unattainable by aid of the water-power at the com- 
mand of the mines. The convenience with which the 
new invention could be applied caused it again often 
to be used as a lifter of water to the top of water- 
wheels ; and thus whether applying its force directly or 
indirectly, it prospered, and spread through the length 
and breadth of the land. A few of these old New- 
comens, or atmospheric engines, working the pump- 
rods with the intervention of a horizontal " beam," or 
" bob," and more or less patched and modified, have 
survived even to our own times. 

About the time that the miners began to employ on 
a large scale the facilities afforded them by the new 
fire-engine, there arose from another side an applica- 
tion of coal, founded upon its calorific power and on 
the action of the gaseous products of its combustion. 
Between 1730 and 1735, Mr. Abraham Darby, of Coal- 
brook Dale, in Shropshire, succeeded at length, through 
the introduction of the process of coking, in smelting 
iron with pit-coal. The iron trade of Great Britain 
had at that period sunk to a very low ebb, but was now 
destined to rise to a height which is one of the great 
marvels of all the world, and that in a chief measure 
by the employment of the beds of mineral fuel so won- 
drously stored up in close proximity to the iron ores 
which have formed the great staple of our manufacture. 

Still, during all this period we have no general 
statistics of coal. More and more of it came to be 
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works, saved so large a proportion of the coal needed 
for the smelting of each ton of pig-iron, that the great 
majority of the iron works were forced by competition 
to adopt the same method; and in spite of a very 
common belief that the quality of the produce was 
thereby injured, the result has been an enormous in- 
crease of the total quantity of coal used for this purpose, 
with a much greater increase to the iron trade. K we 
take, as an example, the results in Scotland, we find 
that the ton of pig-iron, as made in 1829 at the Clyde 
Iron Works, required the coke of 8 tons IJ cwt. of 
coal, whilst in the following year the introduction of 
air heated to 300° Fahr. brought down the consumption 
per ton of pig to 5 tons 3J cwts. Eight cwts. of coal 
were consumed in heating the blast, so that the actual 
saving per ton of pig-iron was 2^ tons. In 1833, when 
raw coal had come to be used instead of coke, 1 ton of 
pig-iron was made with 2 tons 5 J cwts. of coal, which, 
with 8 cwts. for heating the blast, made a total of 2 
tons 13 cwts. Hence by the application of the hot 
blast, the same amount of fuel reduced three times as 
much iron, and the same amount of blast did twice as 
much work as previously.* 

Now the production of pig-iron in Scotland has risen 
as follows : — 

Tons. 
1820 20,000. 

1830 37,600. 

1839 200,000. 

1851 776,000. 

1861 960,000. 

1864 1,168,760. 

Whence, at the rates above quoted, the total con<. 

• Percy's " Metallurgy of Iron," p. 398. 
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sumption of coal in iron smelting would have been, in 

Tons. 
1820 161,260. 

1864 2,621,671. 

It must not however be concluded that this enonnous 
development in the Scotch trade was due to the hot 
blast alone. Concurrent with that great improvement 
was the employment of the abundant and economical 
mixture, the " blackband," for the discovery of which 
Britain is indebted to Mr. Mushet. But the main fact 
remains — that every advance which tends to cheapen 
the productions of manufacture enlarges so widely the 
field of operations, that coal, the basis of the whole of 
them, is always demanded in ever-increasing quantity. 

In the absence of accurate data it is estimated that 
in Great Britain about ten millions of tons of coal were 
raised in a year at the beginning of this century. The 
continental production at the time was exceedingly 
small, the backwardness of many manufactures and 
the large expanses of forest land having delayed the 
necessity for turning to subterranean fuel. Within a 
short time after the conclusion of the great war, steam- 
engines were rapidly supplanting or acting as auxiliaries 
to water power, and the coalfields of our own and 
foreign districts became the scene of more active re- 
searches. But it was not until the facilitation of traffic 
by means of steamboats and railroads, that the steady, 
absorbing march of the present epoch commenced. 
When between 1829 and 1835, the locomotive engines 
running on wrought-iron lines, and the coasting and 
sea-goiug steamers, were proved to be a triumphant 
success, leading to imitation in foreign countries, and to 
enormous multiplication in our own, a new system of 
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the distribution of raw material may almost be said to 
have been started. Nowhere is the result more striking 
than in the London district, which now receives by 
sea, railway, and canal, upwards oi Jive millions of tons 
per annum, or doubtless more than the production of 
the entire kingdom in the earlier years of George III. 

Many new and striking applications of coal have 
within the last few years rewarded the exertions of 
chemists. The once useless and fetid products of its 
distillation have been made to yield sweet scents and 
savours. From its naphtha are obtained the paraffine oil 
and the beautiful translucent solid paraffine, which in 
brilliancy and purity excels wax itself; and from its 
aniline are obtained a galaxy of brilliant colours, among 
which need only be mentioned the popular Timuve and 
magenta to prove the varied forms under which the 
products of coal have found their way into the useful 
arts. 

The International Exhibition of 1851, possible only 
under these conditions of mechanical advancement to 
which we have referred, naturally directed the attention 
of inquirers more forcibly to the statistics of mineral 
produce. It was roughly estimated that for 1850 
the production of all the British coal-mines was 
42,000,000 tons ; France was raising 4,433,000 tons ; 
Prussia and Belgium followed, with smaller quantities ; 
and then Austria, with a little above 1 ,000,000 tons. 

In 1853, Mr. T. Y. Hall, of Newcastle, after much 
investigation, stated the British production to be 
56,550,000 tons. 

At length, in 1854, through the instrumentality of 
Mr. Robert Hunt, of the Government Mining Eecord 
Office, aided by the recently appointed inspectors of 
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coal-mines, we obtain reliable statistics; and the 
following table will command the attention, if it does 
not excite the astonishment, of every reader. 

Coal Production of Gkeat Britain. 

Tons. Tons. 

1854. 64,661,401, of which were exported 4,309,255* 



1864. 


92,787,873 


tf 


„ 8,063,846 


1874. 


125,043,267 


n 


„ 13,927,206 


1876. 


131,867,105 


n 


„ 14,544,916 


1876. 


133,344,766 


91 


„ 16,299,077 


1877. 


134,610,763 


99 


„ 16,420,050 


1878. 


132,607,866 


• 

99 


„ 16,494,633 



The vast quantity represented by these figures may 
be brought before the eye by the following comparisons, 
supposing that we take the approximation of one ton 
being, as it lies densely packed in the earth, one cubic 
yard. If we take the area of Lincoln's Inn Fields, 
measured up close to the houses, at eleven acres, about 
the dimensions of the base of the Great Pyramid, and 
could stack the coal as nature has done in the seams, 
the British coal raised in 1865 would form, on that 
base, a solid block, of the height of 5,229 feet, or as 
high as Snowdon surmounted by another mountain of 
half its height. 

Again, taking the distance firom London to Edin- 
burgh, four hundred miles, the same quantity, similarly 
packed, would build a wall the whole way, of twelve 
feet thick and ninety- nine feet high; whilst if put 

♦ The exports of 1854 alone are from the returns to the House of 
Commons, the remaining numbers are taken from the statistics com- 
piled by Mr. Robert Hunt, F.R.S., Mining Record OflBice, Museum of 
Practical G^eology. 
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together in the broken state in which coal is commonly 
used, it would give a wall of more than double that 
thickness. 

This yearly production, obtained by the labour of 
about 240,000 men,* is palpably a gigantic effort for 
so small an area as that of our united coalfields, and 
naturally excites apprehension for the future. 

The statistics of the produce of the mines of most 
of the European nations are well kept up, although a 
few of them can only be roughly estimated, and it is 
interesting to compare the 

AvNUAL Amount produced bt thb Ohiep Coal-beabino Countries. 

Tons. Tons (1877). 

Great Britain and Ireland (1870) . . . 110,431,192 134,610,763 

United States of America (1871), estimate . 33,637,486 49,130,584 

fPnissia, including Silesia, &c. (1870) . . 29,432,756 42,308,622 

Saxony (1869) 3,096,231 3,477,511 

Gennan States, beside the two last (1869) . 1,471,899 2,443,749 

Austrian States (1870) 7,084,391 14,252,038 

Belgium (1870) 13,697,110 13,938,523 

France (1869) 13,100,000 16,889,201 

Russia (1870) 800,000 1,900,000 

Province of Nova Scotia (1871) .... 597,418 757,496 

New South Wales (1869) 919,522 1,444,171 

It is hence evident that although our favoured 
country has so long taken the lead, all civilised 
countries have entered into the race of competition j 
and it becomes a matter of anxious inquiry to learn 
imder what circumstances the treasure is in each 
country developed, and where it is likely to be best 
expended or longest economised. 

• Now increased, in 1878, to 475,329 persons, 
t Given in the official statistics in zolleentner, of which 20 = 1 ton 
English, nearly. The German tonne is 1,000 kilograms, or 2,000 
^nds, the pound being 0-5 kilogram. 
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CHAPTER n. 

MODE OF OCCUBRENCE OF OOAL. 

The substance receiving the name of true ooal (in 
contradistinction to lignite and brown coal) is, in 
almost all the coal-producing countries, found in beds 
or seams divided from one another by more or less 
thick strata or beds of shale, sandstone or grit, and 
indurated clay, the whole being termed collectively the 
Coal Measures, and belonging to a still larger group of 
stratified rocks called the Carboniferous Formation or 
System {Systems houilliirey or anthraxiferCy Fr. — Stein^ 
kohlen-gebirge, Ger.). 

It is difficult to define exactly what constitutes a 
Coal. Several legal trials on a grand scale, in Edin- 
burgh, London, and in Prussia, have only succeeded in 
making it more clear than ever that no suitable de- 
finition exists, and that whilst all parties may agree in 
recognising the characters of a typical coal, differences 
of opinion will soon arise when the substance to be 
determined approaches the boundary of the shales and 
of the bitumens. 

It is obviously loose to assert that " anything is a 
coal which is dug out of the earth and will burn ; '' 
whilst on the other hand it is inconveniently strict to 
demand any approach to a definite composition as 
indispensable to coal. We may feirly require of it 
that it be black or dark brown, capable of direct 
employment in furnaces and fire-places for the pro- 
duction of heat, brittle, and not soluble — ^like the 
bitnmens— in ether, oil of turpentine, or benzole. The 
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following are the chief characters of the various sub- 
stances regarded as coals. 

Anthracite (Stone, Elilkenny, or Crow-coal). 
Black, with black streak ; firactnre, conchoidal ; does 
not soil the fingers; specific gravity, 1'3 to 1*75; less 
easily kindled than other kinds of coal ; often decrepi- 
tates much in burning ; composition, carbon in great 
proportion, generally 90 to 95 per cent, hydrogen, 
oxygen, and nitrogen in minute quantities. 

BiTmoNOUS Coal. Black, of various shades, streak 
sometimes greyish black ; lustre, more waxy than that 
of anthracite, in some varieties dull ; fracture, sub- 
conchoidal to uneven, the substance often divided by 
cleats or joints into parallel-faced figures {mdncal coaly 
dicey, fc); specific gravity, 1-25 to 1*4; composition, 
generally from 73 to 90 per cent, of carbon, 8 to 22 
per cent, of oxygen, hydrogen, and nitrogen, with (as 
in anthracite) a variable amount (3 to 30 per cent.) of 
earthy matter constituting the " ash." 

The term bituminotis coal is somewhat deceptive, and 
it must be remembered that it does not mean that any 
bitumen (or mineral pitch, soluble in ether, &c.) is 
contained in it, but that the gases, oxygen, hydrogen, 
and nitrogen, enter more largely into its composition 
than in anthracite, and give it a more fiaming character 
in burning. The varieties generally recognised are 
mostly named after their application or chief proper- 
ties : Free-burning J steam o(r smokeless coal, non-baking 
coal. These, in different grades, approach towards the 
anthracites, and are chiefly valued for engine and smelt- 
ing purposes. They often exhibit, in parts of the seams 
at least, a peculiar fibrous structure, passing into a 
singular toothed arrangement of the particles, called 
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cone-in-cone^ or " crytallised coal." Some of these 
" dry '' coals will coke, but the smalls, from their not 
agglutinating, cannot be used for that purpose. TVith 
the addition, however, of pitch or tar to the amount of 
8 or 10 per cent., the small may be made into ^^ patent 
fuel," or " agglomerated coal." 

Caking-coala are those which tend to partijJly fuse 
when burning ; emitting jets of gas, and, as a rule, 
giving off abundant flame and smoke. The " household 
coals " are generally of this variety, and are valued 
in great measure according to their freedom from ash« 
The " smalls " have the valuable property of fusing 
together into large masses when duly heated ; whence 
they are abundantly turned into coke for iron-smelting 
and for burning in locomotives. 

A single seam or bed often contains layers of 
different descriptions of coal, which may in some 
cases advantageously be divided from one another and 
separately sold for divers commercial purposes. 

A remarkable instance of this was noticed by me in 
the " Top-hard," a famous Derbyshire and Yorkshire 
seam, at Handsworth, where its aggregate thickness 
was 55 inches. The divisions were as follows : — 



Inches. 



Koof coal . 


• 


. 


2 




Batt (black shale) 


• 


2 


useless, thrown away. 


Brassy piece (pyritous) 


aJ 




Kough bright 






4 


for house fires. 


Best bright . 






4 


good for making soft coke. 


Top hard . 






4 




Dead bed . 






8 


'' converting " coal, for ste 


Bottom hard 






1 




Rough bright 






6 


for house fires. 


Soft bright . 






3 


for soft coke. 


Dirt, parting, 




9 to 12 




Holing coal . 




• 


4 


very dusty roft c>oal 



55 
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Cannel is commonly considered a variety of bitu* 
minous coal, with the beds of which it is not unfre- 
quently associated in parallel layers ; but it is a fair 
question whether it should not, in scientific nomen- 
clature, be separated from the coals proper. It is black 
or brownish, dull in lustre, breaks with a flat con- 
choidal fracture, is not made up like ordinary coal of 
thin lamina, does not soil the fingers, often contains 
teeth and scales of fishes, and, according to some of 
our best microscopists, is readily distinguishable from 
coal by the general absence of vegetable structure. Its 
name, from carmyl^ a " candle," is derived from the 
readiness with which it lights and gives off a steady 
flame. Some varieties, however— jt?arr^^ coal (Scot- 
land) and rattlers (Yorkshire)^-decrepitate and crack 
loudly on the flre. Cannel is largely employed for 
gas-making. 

It is by no means easy, if at all feasible, to draw a 
distinct line of demarcation between cannel and the 
black basses, bats, or crisp shales, which occur in the 
coal measures, but contain too much earthy matter to 
allow them to be of present value. And between all 
these and the torbanitey or " Boghead mineral," there 
exists a relationship which makes the difference only 
one of degree. This last is a brown, tough substance, 
containing little more than 9 per cent, of carbon, 60 to 
69 per cent of volatile matter, and the "ash" so abun- 
dant and so equably diffused through the mass, that 
when the mineral has been " burnt," or had the vola- 
tile parts extracted by distillation, it is taken out of 
the retort blanched in colour, but in volume looking 
just as when it was put in. Its great value con- 
sists in its oil and gas-yielding properties — a ton of 



MODE OF 00CT7RRENCE OF COAL. 19 

this mineral giving as much as 15,400 cubic feet of 
gas, whilst good cannels give but 8,000 to 10,000 
feet Torbanite is classed by some authors as a dis- 
tinct mineral species, and by others as a bituminous 
shale. 

Lastly, we have Brown Coal, or Lignite, a mineral 
— more distinctly than any of the foregoing — ^formed 
of a mass of vegetable matter; some stems, in fact 
(lignite proper), presenting the appearance of unde- 
composed wood. Colour, brown to pitch-black ; lustre 
sometimes resinous, sometimes dull ; specific gravity 
0*5 to 1*5.; fracture various; burns easily, with a 
smoky flame and unpleasant odour. Composition, 
50 to 70 per cent of carbon, a much larger proportion 
of oxygen than in the bituminous coals, hydrogen and 
nitrogen about the same. A large amount of water 
generally present. Varieties of it are termed — accord- 
ing to their aggregation— ^e^^^y-coal {peck kohle\ 
slaty "GOdl {schiefer kohle)^ paper-coaX or dysodilj bast- 
coal, needle-QOoX^ and earthy-cooX, 

Certain examples of the brown coal of the better 
sort so closely resemble the good bituminous coals as 
to be indistinguishable by any trenchant difference of 
composition in appearance. It has, however, been 
usual to apply this name to all the coals which occur 
in formations more recent than the true carboniferous 
period. Thus the name brown coal — not a very happy 
one — embraces as many qualities and varieties as does 
the old family name coal, from which it is now held to 
be a distinct off-shoot. 

For a general account of the geological phenomena 
which have to do with the occurrence of the coal- 
measures, we must refer the reader to the " Treatise 
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on Geology," by the late General Portlock,* or to some 
of the various " handbooks " and " manuals " abeady 
before the public We have only space in the present 
little volume to deal with those parts of the subject 
which are more specially related to the finding and 
working of coal. 

Our descriptions will almost entirely have reference 
to the strata of the true carboniferous system, as being 
without comparison the most important. It is there, 
in the upper part of the PaltBOZoic or ^^ ancient life" 
division of the earth's crust, that the great coalfields of 
the world are sought out and worked. But some coun- 
tries, as Italy, for example, are not fortunate enough to 
possess any of these within the ken of man, and must 
content themselves with brown coal alone ; others, like 
Hungary, have brown coal of several successive periods 
and of very different qualities. Much value will then 
attach, locally, to this minority among the coals, and 
the following table will show with clearness the succes- 
sion of the entire series of strata in their true geo- 
logical sequence, along with the different classes of 
'^oal which they have been proved to contain. 

It is to be remembered that whilst the annexed table 
exhibits the natural sequence where all the strata are 
developed, it frequently happens that some of them are 
missing from their places. Thus, in Belgium and 
North France the coal-measures lie immediately be- 
neath the chalk or cretaceous beds. In South Stafford- 
shire the carboniferous limestone and other strata 
under the coal, down to the Silurian rocks, are want- 
ing.- In South France (St. Etienne) all stratified 
rocks are absent, and the coal-measures rest directly 

* Weale's Budimentary Series. 



TABLE OF THE STRATIFIED ROCKS. 

Bhowing thepotUum tf Bed$ of FouU Fud, 



Oroup. 



Chief BiviaioDS. 



Locality of Coal or Broim CoaL 






I 



Norwich Crag. 
Red and 
CoralUna Crag. 



Burtorbnuid lignite, Iceland. 



Falona of Tonraitte, 
Molaase Sandstonea, 
Ac. 



Alpa. 
Germany. 
Leafbeda in Moll. 
Lignite in Antrim t 
Vancoaver laland. 
Bovey, Devon (Heer). 



o 

O 
M 

» 
A 

o 
o 

M 



A 



o 




• 



Bagriiot Sanda. 
London day. 
Woolwich Beds, &e. 



Tyrol, and the Venetian Alpa. 
South Stj-ha, lome beda of fathoma in 
thickneaa. 



Upper Chalk. 

Lower Chalk. 

Chalk MarL 

Upper Greenaand. 

Gault. 

Lower (Greenaand. 



Austrian Alpa, in the Goean beda. 
Coal, ap to 4ft. thick, Lettowitz, ftc., in 
MoraTia. 

Santa Fe de Bogota, Sooth America. 



Weal- 
den. 



o o 

3 a 



Weald Clay. 
Haatinga Sand. 



Good brown Coal beds in North Gkiw 
ooany, Utrillaa, &c. N.E. Spain? 



Portland Oolitea. 
Oxford do. 
Bath do. 

TheLiaa. 



Pmbeck dirt-bed, with Lignite. 

Mori, Tyrol. 

Kinuneridge '* coal." 

Prodnctiye coal in Lower Oolite, Brora; 

Yoikahire ; Pennaylyania. 
Excellent coal at Fiinfkircken, and 

Steierdorf in Sooth finngary. 



Bhoeticbeda. 
Keoper. 
Mnachelkalk. 
New red Sandstone. 



Kenpercoal. Lettenkohle, S. Germuiy. 
Virginia, U.S. 



o 

H 

O 

•4 

< 

M 

O 

M 



JL 






New red, in part 
liagnesian Limestone. 
LowOT red Sand. 



Coalfielda of India not older than this ^ 
and Brcmdschiefer Gennany and 
Bohemia. 



Coal^neaaorea, often divi- 
sible into 3 groupa. 



MiDBtone grit. 
Carbooiferona Limeatone. 



Tme Coal in England, Scotland, Walea, 
France, Belgium, Prussia, Bohemia, 
Moravia, Spain, the United States, 
Nova Scotia. 

Anthracite in Sooth Walea, Irehmd, 
Pennsylvania. 

Coala in North En^^d. 

Coal in Northumberland, Scotland, 
Bosaia. 



Old red Sandatone. 
Slaty rocka, 
KiUas, &c. 



New South Walea Coala appear to be- 
long to period from hence up to the 
Triaa. 



Ludlow locka, &c. 
Bala beda. 
Uandeilo Flags. 
Cambro-Siliirian Slates. 



Fetroleom, in tJiaae thxee lower gsoupa. 

Anthracite in Co. Cavan, and Ida of 
Han (Lazey mine) ; Norway. 
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upon granite. Similarly, it has to be bome in mind 
that the coal itself may possibly not be present, al- 
though the group above it and the group below it may 
be in their places ; but the order of the superposition is 
never changed. 

Those who learn their practical lesson in one single 
coalfield are apt to acquire notions about the physical 
conditions which require to be corrected by visits to 
other districts, to make them capable of general appli- 
cation. Thus, whilst the total thickness of the coal- 
measures in Shropshire and South Staffordshire is only 
from 1,000 to 1,600 feet in thickness, in North Staf- 
fordshire it reaches 5,000 feet, in South Wales 14,000 
or 15,000 feet, and in Saarbriicken, in Prussia, no less 
than 20,000 feet. 

The great bulk of the series of rocks, termed coal- 
measures^ consists of shales or indurated slaty clay, 
variously coloured grey, bluish, or black {clod, bind, 
batty metal, Ac, of the colliers) ; of dense clays, a bed 
of which almost invariably underlies every seam of 
coal (warrant, pounson, clunck, &c.) ; and of sandstone 
{post, rock, or stone) of various degrees of hardness and 
roughness of grain, though seldom containing pebbles, 
except in the strata which occupy quite the lower part 
of the series. The actual beds of coal, then, from an 
inch or two thick, up to 8 or 10 feet (generally con- 
sidered " workable" when above 18 inches or 2 feet in 
thickness), and making up in the aggregate perhaps 
100 feet of coal, form but an inconsiderable part, in 
dimensions, of the great mass of rocks with which they 
are interstratified. 

Whatever may be the form of the surface of the 
ground, it rarely happens that the coal-measures under 
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it, whether deep or shallow, lie in a flat position for 
more than a small distance. They are found to incline 
{(Up OT pitch) more or less regularly from the moderate 
angles of 6 or 8° to as much as 25 or 30% a ^^ sharp 
pitching," or even in exceptional cases to 70 or SO'' 
{rearing or edge seams). Whatever happens in this 
way to one of the beds, the others are similarly affected, 
because the strata throughout this system or group are 
all eonformaile or parallel.* 

The inclined position of the beds will necessarily 
bring them at some point or other to the surface, un- 
less they are overlaid by some newer formation de- 
posited uTicoTiforrnaily upon the ends of the upturned 
strata. Hence it is that a great insight into the cha- 
racter of a coal district may be obtained by a careful 
study of the surface, especially in brook-courses, which 
run more or less in the direction of the dip and rise of 
the seams. If we follow out the subject over a larger 
area, we shall find many variations to take place, and 
the coalfield assuming a form which may be traced as 
on a map if the tract be surrounded by older forma- 
tions, but about which there will be uncertainty if the 
measures are observed to dip beneath other and newer 
groups of rock. When the beds dip for a while and 
then ascend or rise, they form a trough or saddle, and 
when they rise on all sides towards the surface, as in 
the Forest of Dean, they constitute a basin. The out- 
line of the shapes into which the coalfields have been 
brought by the forces of elevation and depression may 
be studied in the geological maps ; but where these 

* Certain cases have been observed in which one portion of the coal- 
measnres is slightly nnconformable to another; but this does not 
interfere with the doctrine of the general parallelism of the beds. 
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ferces have exercised their powers on a grander scale, 
the measures are often folded back, corrugated, or con- 
torted in such a manner as to present great complexity. 
Examples of this may be seen in Pembrokeshire, at 
Vobster, Somersetshire, and in the Belgian coalfield. 

In addition to this general disturbance from the 
original — more or less horizontal — position in which 
the beds must have been deposited, they have been cut 
through by inclined planes of fissure, and so dislocated 
that they are now lower on the one side of the line of 
fault than on the other. The amount of threw or leap 
may be only a few inches or feet, in which case the 
workings are not much affected; but the movement 
may in many instances be shown to have arrived at 
hundreds, and more rarely, to thousands, of feet. A 
great number of these troubles within a small space 
may render a seam of coal so "faulty" as to be worth- 
less ; whilst, if they are filled with clay, and suitably 
distant from one another, they serve a useful purpose 
in dividing a coalfield into water-tight compartments, 
and a jealous eye is thence kept on their security. 

If we now turn back from the larger view of the 
whole group of strata, and look at the seam itself, we 
shall note, first, its thickness, — an amount varying 
generally from 18 inches to 8 feet. In Somersetshire 
they contrive to work seams with only 11 inches of 
coal I At Whitehaven and in the upper measures in 
Fintshire, seams of 10 and 12 feet thick are worked. 
In South Staffordshire, 30 to 36 feet, at Pictou, Nova 
Scotia, 36 feet, and at Pottsville, U.S., 40 feet, are the 
thicknesses of exceptional seams, put together by the 
superposition of several of ordinary dimensions. A 
very thick one will rarely be of clean coal throughout ; 



MODE OP OCCURRENCE OF COAL. 25 

partmgs will occur, of clod or various earthy maLcnal, 
which, if of a few inches, may not occasion much in- 
convenience, but if they get to be more than 18 inches 
or 2 feet, may practically interfere with the possi- 
bility of working advantageously. Iron pyrites or 
brasses will sometimes run with a line of parting, and 
needs to be carefully picked out. The partings arc 
often mere planes of division, and are then sometimes 
smooth surfaces,«^z^^,requiring caution in undercutting ; 
but are more generally films of black, soft, and fibrous 
coaly matter, apparently made up of small fragments 
of carbonised wood. Then comes the physical condition 
of the coal, to whichever of the kinds above enumerated 
it may belong. Is it dense, hard and unjointed, it 
will be expensive to cut, but more valuable from giving 
a large proportion of "round" or massive coal. Is it 
divided, like the Derbyshire, by one set of backs or 
fa/:eSj running most regularly parallel, it will need a 
special direction of the working faces. Is it, on the 
contrary, divided by two sets of divisional cleat^ as in 
some of the Northern coal, the direction is not so 
important. These divisional planes are generally al- 
most vertical, but in South Wales (Pontypool, Mer- 
thyr, &c.) they dip at a considerable angle ; and when 
they here and there meet a " rider " inclined the other 
way, they form a loose mass of coal, very dangerous to 
nnwary colliers. 

The^^, thill, or seat {pavement^ Scot.), of the coal 
is an underclay, generally good for fire-brick : if soft, it 
is apt to heave, under the pressure from above, into the 
opened roads, and greatly to multiply expenses. Here 
and there a quartzose silt forms the seat, especially in 
some of the lowest seams (Yorkshire, Lancashire, &c.) 

c 
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It is SO bard as to make a capital road stone, known as 
ganister^ but bears the black rootlets thick in it, whic'i 
we see in the ordinary bottom-clay, sptwen^ or warrant. 
The ganister is commonly a foot or 20 inches in thick- 
ness, and has clay again beneath it. 

Lastly, the roof ox top of the seam is one of the most 
important items in the economy of its working. A 
good tenacious shale or bind is the most favourable. 
But rock or sandstone roofs there are, which will hold 
up for a very great breadth of ground, and come down 
pretty manageably, whilst others can hardly be trusted. 
It is most fortunate that the frequent planes of division 
which almost invariably split up the coal, do not pass 
up into the roofs. If the immediate cover of the coal 
be too short or soft or cracky to stand well, it may be 
necessary to leave some inches of coal as a roof, or 
again (depending on the strata overhead), it may be 
better to rip down a foot or two (or even four or five 
feet sometimes) to afford security to the roads 

It must not be forgotten that although the coal- 
seams are, as a rule, more persistent and regular than 
any of the beds of rock which accompany tliem, they 
are subject to variations which may influence their 
value, and often within a small area. The thinning by 
a gradual depression of the roof till sometimes the 
entire coal is gone, but for a certain width only, is a 
kind of fault (nip or 7cant\ that has often been noticed, 
and is confined to one seam, not affecting, or only 
slightly, those above it or below it. An interesting 
example of this kind occurs at Denby Colliery, Derby- 
shire, where a channel of 320 yards wide was found 
eroded in the " deep hard" coal for half a mile in 
length, whilst the next seam above it, the "upper soft 
coal," has proved continuous, and been worked over the 
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entire area. Another sort of thinning is where the 
floor rises, if sharply, in a " hog-back*' or saddle; u 
gently, like a swelling andolation, which subsides again 
in 10, 20, or 40 yards, and is succeeded sometimes not 
merely by the usual normal thickness of the coal, but 
by an exceptional amount, to make up as it were for 
the thinness to which it had before been reduced. 

One of the most notable examples of this kind is in 
the fine colliery of Seaton Delaval^ where throughout a 
depression of 1,000 yards in length between the old 
and the new or Forster pits, and for 120 yards wide, 
the seam is from six to seven feet thick, whilst on both 
sides it dwindles rapidly till much of it is but 2 feet 
6 inches, and has been unworkable. 

In the Forest of Dean the Coleford high Delf seam, 
averaging 4^ feet thick, is here and there reduced to 
much less, and then rapidly expands till (Miles' Level 
colliery) it attains 9 and even 11 feet thickness* 
Variations so considerable are more frequent in the 
lower than the upper coals, and coupled with the 
smoothly polished under surface which may occasionally 
be noticed, lead me to think that the coal must have 
remained in a plastic condition long after it was covered 
up with sediment, and that it has been much squeezed 
and moulded by the various movements to which the 
strata have been subjected. 

The introduction of bands of foreign matter, as part- 
ings, between the laminae of the coal, has already been 
described ; and these, so apt in particular districts to 
multiply as well as to increase in bulk, are frequently 
to be added to the other elements of uncertainty which, 
in some regions more than others, render coal-mining 
a more speculative undertaking than it at first sight 
would appear to be. ^2 
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CHAPTER III. 

ORGANIC REMAINS, AND ORIGIN OP COAL. 

Not a doubt can exist in the minds of those who have 
either observed for themselves or fairly examined the 
description of others, that the coal has been produced 
from an accumulation of the remains of various kinds 
of plants. The bed of fire-clay or clunch which lies 
beneath each seam is full of roots and rootlets ; the 
shale overhead is often so charged with the brightly 
preserved fronds of ferns, flattened trunks, and various 
strange forms of leaf, as to rival all that can be shown in 
a princely conservatory. The sandstones contain frag- 
mentary trunks and branches, and the coal itself may 
often be seen, on carefully dividing its laminse, to show 
the impressions of numerous vegetables, with at 
intervals a film of soft silky " mineral charcoal ; " 
whilst occasionally the structure of the plants has been 
preserved by mineralisation, revealing in their slices 
under the microscope the Flora of the primeval world. 
These appearances vary much in different coalfields, 
and in the diff'erent seams of a single field. Certain 
authors, especially Dr. Goppert, of Breslau, are of 
opinion that many seams can be safely distinguished 
by the difference of the plants associated with them. 
Mr. Salter, following Mr. Binney and Professor Phillips, 
has recently endeavoured to show, for certain seams of 
our own country, that there are useful distinguishing 
characters in the animal remains (moUusca, fish, &c.) 
which often occur in the roof shales. But the subject, 
noble and every way interesting, has strangely been 
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left to the handling of occasional viBitore of collieries, 
and needs much further inquiry. 

We will endeavour to pnt together a brief Bynopais 
of the principal forms of vegetation which are met with 
in the coal-measures, premiBing only that whilst some 
500 different plants, derived from this sotiTce, bare 
been described, a short sketch like the present will be 
mainly useful if it lead the inqnirer to study the works 
of some of the authors who have contributed to this 
branch of knowledge — Witham, Lindley, and HnttoD, 
Brongniart, Goppert, Binney, Sternberg, Corda, 
Dawson, WilliamsoD, Hooker, and Schimper. 

SioiLLAJtu. A great proportion of the actual coal 
appears to have been formed of this plant, which is 
often represented in the shale by the bark alone. I hey 
are sometimes as much as 3 to 5 
feet in diameter, and 30 to 60 
feet in length. Their beautiful 
flated and symmetrically scarred 
patterns may often be seen cross- 
ing one another in luxuriant con- 
fusion in the roof from under 
which the coal has been removed. 
I had an excellent opportunity 
some years ago, in conjunction 
with Mr. Beete Jukes, of observ- 
ing the bared upper surfaces of 
sncceseive et«ps of the Dudley ' 
thick coal when it was being 
worked open to the daylight, and 
when they all showed fine im- 
pressions of Sigillaria. 

Eighty-three species are described by Schimper in 
his great work. They are allied to the humble club 
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moaaus of the present world. Sigillaria stems of full 
thickness and a few feet in height are frequently found 
erect, sometimes hundreds together in a very small 
area. Often they stand based close upon the seam of 
coal, and most unfortunately for the safety of oar col- 
liers, since the film of coal representing the bark which 
surrounds them, separates them from the surrounding 
matrix, and they are apt to drop out without warning, 
in a mass weighing from a few cwts. to a tfln. They 
are thus commonly known as bell-moulds, coal-pipes, 
or cauldron-bottoms, and may he traced by a slight 
circular outline, often formed of bright coal. 

Stiqhabu. The curious fossil found so universally 
in the clays or indurated silts beneath the coal, was long 




Fig. 3. StiEmadaBaofdH. (Eilt m 

supposed to belong to a distinct family, but the 
researches of Mr. Binney in Lancashire, and Mr. 
Richard Brown in Nova Scotia, have proved it to bo 
the root of Sigillaria. From the central hoes great 



OBOANIC BEMATNS, AND ORIGIN OF COAL. 31 

cylindrical arms extended in every direction, branching 
oftentimes into two, and the smaller ones into two 
again, and thos occnpying an area of many yards. 
From the little tubercles regnlarly arraDged on the 
root were given off innnmerable rootlets, which we 
now find squeezed into narrow carbonised ribands, 
confbsedly interlaced with the clay, and stretching for 
many feet away. These are fonnd retaining their 
original form when they have been preserved by being 
embedded in a qoartzose silt, like the ganiater bed of 
some of the lower coals, when it becomes evident that 
each was attached by a curious ronnded base resembling 
a ball and socket joint. 

Lbpcdodenpeon. The trees of this beautifully 
marked &mily also attained a length of upwards of 




(LeBotwooa Colli 

forty feet, and are referred to some sixty species. The 
size is the more extraordinary when we realise that 
like the Sigillaria they belong to the LycopodiacefB 
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or club-mosees, the largest of which now living in 
tropical climates attains a height of only a few feet 

An elegant cone, often found well preserved in iron- 
stone among the coal shales, and termed Lepidostrohiis, 
ia the fruit or catkin of the Lepidodendron. 

Hahnia, a stem from 2 to 4 inches thick, looking in 
outline like a knotty blackthorn, is a branch of a 
Lepidodendron on which were borne sessile cones. 

Calamites. Jointed and striated stems occurring 
abundantly in some of the shales have been compared 
by the unlearned with bamboo, but belong to the 
Equiaetacew. The fruits have been 
discovered beautifully preserved 
and have been described by Car- 
rnthers, Schimper, and William- 
son, and their affinities with 
Equisetium established. The 
views of Brongniart that two 
groups of plants, one Crypto- 
gamous and the other Phanero- 
gamous, are included in the 
plants generally called Calamites, 
though still held by some French 
authors, cannot be maintained. 
I These palasozoic Egtiiselacemdo not 
differ more from their living allies 
than the Sigillaria and Lepido- 
dendra from living Lycopodiacem. 
The Calamites have also been found in their original 
erect position, the root end tapering and curved 
towards the main axis.* They seem to have formed 
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a dense brake of perhaps half the height of the Sigil- 
iaritB' 




Fig. 6. A^nipbrUilea eqnesetifirmis. Fnot of Dean. {Hattml liie.] 

AsTKROPHTLLiTES, Aiiitularia and Spheuophylliun. 
Tlese consist of branches with leaves arranged in 
whorls or stars. They are the foliage of the Calamitea, 
and perhaps represent as many distinct genera. Various 
fraits have been described which may be co-related with 
these leaves and thna supply good generic characters. 

Conifer*;, or Firs. Among the trunks found 
petrified in the sandstones, many exhibit under the 
microscope a structure which appears to indicate their 
relation to the Araucarias, of which the species brought 
from Norfolk Island is a well-known modem repre- 
sentative. The coal-pines were peculiar from contain- 
ing a very large pith, which, found separately as a 
ringed cylinder, used to be described as an independent 
plant, under the name Stcrnbergia. Angular, nut- 
looking fraits, called Trigoiiocarptim, are referred to 
this class of trees ; and these would imply an afiSnity 
rather with the Taxineoos group of Conifers, but the' 
0S| 



34 COAL AND COAL-MINING, 

have not yet been obtained specimens to show the 
relation of the fruits to the stems. 

Again, in the films of soft mineral charcoal or 
" mother-of-coal," which, of the thickness of a knife- 
blade to a quarter of an inch (rarely), run evenly 
between the brighter laminae of the coal, frequent, in 
some, absent in other seams, the angular fragments 
of woody-looking substance, all mashed up together, 
present in many instances this araucarian structure. 
Other portions exhibit a bast tissue, or elongated cells, 
from the bark of Sigillaria and Lepidodendron. 

Of this highly organised class of trees, the most 
abundant remains are referred to one genus. called 
Araticarioxylon. 

Ferns, or Filicites. These graceful relics of a 
former world of vegetation adorn the shaly roofs of 
many of the coal seams, sometimes clearly spread with 
their black tracery on a grey ground, a true specimen 
of nature-printing; at others tossed and tumbled in 
wild profusion throughout several feet in thickness 
of the roof-stone. A careful eye, and still better if 
aided by a microscope, may often see their traces in the 
coal itself, and in some of its dull unpromising parts 
may descry innumerable spiculee or hair-like needles, 
which Dr. Dawson refers to the vascular bundles of 
decomposed plants of this tribe. 

Certain botanists have named and described hundreds 
of species ; others, more cautious, remind us that con- 
siderable difference of appearance may be seen on the 
several fronds of one plant, or even on the pinnm of the 
same frond ; and that the number of species may thence 
have to be reduced. 

A general resemblance to ferns of the present day 
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moBt not be confounded with identity of species ot' 




even genns. It is to be remembered that the whole 
of the coal-measnre ferns 
are atterly extinct, and 
their place in natnre la 
supplied by frcBh races 

Pbcofteris (adherent 
fern) The name Alb 
TH0PTERI3 ifl given to 
those species in which 
the pinnoles are long 
and narrow The leaflets 
adhere by their base to 
the rachis or stem and 
aretrayeraed bya strong | 
mid nb fromwhichvems | 
branch off almost perpen 
dicnlarly some of Uiem I 
simple some bifurcatmg, 
bnt never intersecting 'iVTPempsn 
Sometimes found with 
frnit patches (sorQ in the back of the fronds. 
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Neueopteris (nerved fern). Leaves more or less 
beart-ahaped and entire, not adhering by their base or 
to one anoflier , veins very fine, dichotomoae, arched 
as they ri'^e obliquely from the base of the leaflet; 




NenTopteiu eigon vb Ci^m A. n ^llalf Tutursl size > 



bears a general resemblance to the recent Oamunda 
re^aliS) or royal fern The leaflets are sometmies bo 
long aa to suggest comparison with eximples of 
Olossopte} IS, in oolitic specie's, and with the recent 
Hart'a-tongne. 




Fig. I:, bitunoptena IdlUolu. FeUug Coll 07 Nswrist e. (Half ni 

Sj-hehoptbbis (wedge-fern). Very variable genera] 
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aspect ; leaflets contracted at their base, lobed, and the 
lower lobes largest, reminding the observer of our recent 
Adiantum ; veins on the leaflets radiating from the base. 

The Odontopteris, or tooth-fern, and Lonchopteris, 
or spear-fern, are genera which occur less frequently 
than the above. 

Some of these fronds appear to have belonged to 
low plants, others to have grown on large and lofty 
trees; and certain trunks, called Caulopteria and 
PalceopteriSj exhibiting clear and frequent scars left 
after the fall of the fronds, represent the tree-ferns of 
the carboniferous period. 

Lastly we must not omit to mention a kind of plant- 
remains which have engaged the attention of but 
few, but which have played an important part in the 
making up of certain coals. 

These are broad, parallel-veined, elongated leaves, 
referred by authors to very diiferent plants. The most 
frequent, which were described by Corda as Flabellariaj 
have been since termed Cordaites^ and have been referred 
by Schimper to Cycad^ce ; but they may belong to a lost 
type of Cryptogams. The vast numbers of them, layer 
upon layer, visible in certain cases, testify to their 
having accumulated in thick banks. 

No single circumstance about the coal vegetation is 
more remarkable than its uniformity over a large 
portion of the world. It has long been known that a 
great part of the plants of this epoch are alike all over 
Europe, and even North America. In South America, 
South Africa, and Australia many of them occur, and 
at Melville Island, in lat. 76°, and in other boreal 
spots described by Arctic navigators, similar genera 
are found. 
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It has hence been argued that the climate of the 
globe was at that period more equable ; and advancing 
another step from this basis, the earlier geologists 
supposed that it was owing to a generally diffused 
higher temperature — an intermediate stage between 
the original globe, of flised matter, and our own times, 
of a cooler crust. But more accurate investigations 
have set aside this hypothesis, and shown that the 
general type of the coal flora is that due to a warm — 
not hot— climate, in which moisture was very abundant. 
To account further for the inordinately luxuriant 
growth of the plants which made up the fossil fuel, 
Brongniart suggested the hypothesis that the atmos- 
phere must at that period have contained a much larger 
percentage of carbonic acid (poison to animals, but 
nutriment to plants) than it does now. And when we 
consider the enormous volume of carbon in the coal and 
carbonaceous beds, which mtist have been obtained from 
carbonic acid, and add to it all that which has been 
locked up since in making the thousands of feet thick 
of limestone, or carbonate of lime, we certainly have a 
cause which must have played its part. What were the 
animals which at this time tenanted the globe, is an 
interesting but difficult inquiry, when we consider the 
accidents on which it depends that the remains of land 
animals should be preserved for our study. The 
Archosgomurm was the first coal reptile found (in 
Bavaria, 1844), one probably intermediate between the 
batrachians and the saurians ; but the last few years 
have added several to the list; one of them, the 
Dendrerpeton Acadianunij having been curiously found 
by Sir 0. Lyell and Dr. Dawson in the hollow stump 
^n erect Sigillaria. 
lite recently, in November, 1865, Professor Hux- 
las been able to determine, in a collection of 
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specimens obtained from the Jarrow Colliery, Kilkenny, 
no less than fonr, if not five, genera of Amphibian 
Labyrinthodont reptiles.* 

Among the other teridraJte ammals fishes were 
common enongh, their teeth, scales, and spines being 
abnndant in many of the roof shales. Agassiz 
described above 154 species from the coal-measnres, 
a great part of them predaceons, and stated to be more 
highly organised than any living fish. 

Of the Molhisca vast quantities are fonnd, best pre- 
served by being imbedded, petrified, in nodnles of iron- 
stone, or flattened in the shales. 

In association with the lower seams of coal, in most 
of onr British fields, shells of a decidedly marine 
character occur. Sometimes one seam^ sometimes 
several, will exhibit in its roof of black shale, and 
commonly within a few inches of thickness, multitudes 
of a pecten or comb-shell (Aviculo-pectenpapyraceuajy 
and of a curled chambered shell, somewhat like a 
nautilus (GhniatUes Listen), with rarer examples of 
ProducttiSj OrthoceratiteSy Lingula, Ac. The bivalve 
Antkracosia, much resembling the Unio, or Horse- 
mussel of our fresh waters, is sometimes found in the 
same group of denizens of the sea. 

Throughout all the middle and upper measures, the 
great bulk in fact of the coal-producing strata, Antkra- 
cosia alone, with some rare exceptions, out of all the 
above, continues its existence; but this sometimes in 
such quantities that entire strata (^^ mussel-bands ^'), 
of several inches thick, are made up of them. To 
these may be added Mr. Salter's genus Antkracomyaj a 
mud-burrowing shell, occurring also in dense beds like 
those of the modem musseL The black band iron- 

« Eight distinct genera, with indicatioxis of others, wezo obtained \>j 
E^ofeflsor Huxley from this single pit. 
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stones of North Staffordshire are literally crowded 
with them. 

And, lastly, through the whole range of the coal 
strata there may be noticed, either attached to other 
fossils or embedded in the stone, the minute spiral 
case of a sea annelid, termed Spirorbis carhonarius^ and 
the seed-like valves of a little crustacean, Cypris^ or 
Cy there. The tracks of large worms (probably marine) 
occur in great abundance in the clay ironstones which 
so often diversify the coal shales, and the latter some- 
times exhibit tEe remains of crickets and other insects. 

When we pass downwards to the great foundation 
stone on which our coalfields rest, and with which the 
lower seams of Scotland and those of Russia are 
associated, we find, in the carboniferous limestone, a 
series of strata bearing the most evident traces of 
marine origin. In part, nothing but banks of corals 
and encrinites ; in others, filled with the well-preserved 
shells of Terebratula, Spin/era, and Productus, they tell 
us plainly of deposits formed in a sea of moderate 
depth; and since the thickness of these beds varies 
from 500 to nearly 2,000 feet, it seems probable that 
the floor of that sea must have been more and more, 
though not uniformly, depressed. In the period that 
succeeded — that in which the millstone grit was 
deposited — there is evidence of much disturbance by 
sea and land ; granite and other rocks broken into bits, 
or rolled into pebbles, and wafted and dragged about 
by currents and eddies, whilst an occasional bed of 
quietly settled shale reveals the shells of Goniatites, 
Bellerophon, Lingula^ and other denizens of the sea, 
who had found a lull, either in place or time, amid 
'^e turbulence of the period. And throughout these 
ta we find the preparatory symptoms, as it were, of 
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the great coal-making epoch that was approaching, in 
stems and impressions of several of the genera of 
plants that were soon afterwards so multiplied. 

Some years ago there were authors of weight who 
inclined to the opinion that coal had been formed by 
the drifting of large masses of vegetable matter into 
bays or estuaries, and they pointed to the " rafts " of 
the lower Mississippi as examples of a similar process 
still in action. But since due attention has been paid 
to the constant presence of the roots in the floor of the 
seams, to the upright trunks — often one series above 
another — and to the high state of preservation of the 
most delicate remains, it has been generally agreed 
that most of the appearances are explained by assuming 
that the vegetation grew on the spot where we now 
find it* Some writers there are still who have a 
hankering after the old aquatic origin, and, supported 
by the evidence of fishes and marine shells, would 
assign salt water as a habitat for some of the coal 
plants. But with others the doubtful point is whether 
the trees and undergrowth flourished on dry land or 
swampy sea margins. We can no longer doubt that 
the under-clay was a true soil, in which the great 
Sigillaroid trees were fixed by their tap-roots, their 
spreading radical branches, and filamentous rootlets. 
How many generations of these trees may have risen 
to maturity and died away before the conditions were 
favourable to their being preserved, it is hard to sur- 
mise ; but at length, when a mingled matting of vege- 

* Franz von Beroldingen appears to deserve the credit of first sag- 
gesiing the view that the coal-beds are the peat-hogs of a former age, 
converted first into brown coal and afterwards into stone coal. 
(Beobachtongen, &o., die Mineralogie betrefiend, 1778.) In this 
theory he was supported by De Luc, and after many years by 
Bofalotheim, Noggerath, and Lindley and Button. 



42 COAL AND COAL-MINING. 

table matter, stems, roots, leaves, &c., had accumnlated, 
like the pulpy mass of a modem peat-bog, the surface 
of the area was, with much uniformity, depressed. 
Then would flow back the waters, fresh or salt, over 
their ancient domain, and, according to the sediment 
they were able to carry, would deposit sand or mud to 
be one day known as the rock— or the shale-roof. The 
MoUusca above enumerated then burrowed in the soft 
ooze, close upon the top of the buried vegetation ; in 
many cases the stumps of the old forest remained 
standing, whilst mud or silt was deposited around 
them, until the central portion of the trunk would rot 
away^ serve for a time as an asylum for some of the 
lizards or land-shells of the period, and then get filled 
in with petrifying matter. As the water deepened it 
was haunted by fish of many kinds, whose exuvisB fell 
to the bottom and were, there buried up, and thus bed 
after bed of sediment accumulated, sometimes to the 
depth of a few feet, sometimes to hundreds of yards — 
if the continuous depression of the land was maintained 
— ^until circumstances favoured again the formation of 
a proper soil (the under-clay), and of a growth of trees 
and plants, when we should have a recurrence of the 
same phenomena. 

An enormous bulk of vegetable matter would be 
needed thus to form one of our thicker seams of coals ; 
but we have seen how the latter are generally divisible 
into several beds, and these again into thin laminae, 
whilst we know that peat-bogs of the present day, 
without the special advantages of the coal jungle, attain 
depths of 30 or 40 feet. It has been estimated that 
eight feet thick of packed woody substance would be 
needed to make one foot of coal ; but we may take it 
for granted that such an amount would represent only 
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a fraction of the total amount of vegetation that 
flourished at the time, since much of it must doubtless 
have escaped from the preservative process of interment. 
We cannot afford space to dwell on the chemical 
argimient by which this derivation of the different kinds 
of coal is shown to be probable; but the following 
table, borrowed from Dr. Percy's " Metallurgy/' sup- 
plies at a glance an illustration of the successive steps 
in the change from woody tissue to anthracite. The 
porportions of carbon in each substance being taken at 
the constant amount of 100, the hydrogen and oxygen 
will be found to have been more and more eliminated. 

Carbon. Hydrogen. Oxygen. 

1. Wood (mean of 26 analyses) . .100 

2. Peat 100 

3. Lignite (average of 15 varieties) . 100 

4. Ten-yard coal, South Staffordshire 100 

5. Steam coal from the Tyne . . .100 

6. Pentrefelin coal, South Wales . . 100 

7. Anthracite, Pennsylvania . . .100 

When the buried forest had once been fairly covered 
up by hundreds, and as the land sank, by thousands of 
feet of rock, we may conceive it subjected to those 
conditions of pressure, temperature, and moisture, 
which were needed to change it into that condensed 
form of fael now so necessary to mankind. 

And when at length, after ages of due preparation, 
portions of the coal formation were upheaved into the 
islands and continents, the seams of coal were brought 
into a position to be accessible to man, and the forces 
of the sunbeams, which fell upon the jungles of the 
primeval world, are again unlocked and made subser- 
vient to our use, when we now decompose by burning 
those compounds which had been called into existence 
by the solar light and heat 
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CHAPTER IV. 

COALFIELDS OP THE NORTH. 

In order to enable us to form a due estimate of the 
coal resources of the various countries, we must glance 
at the extent and character of the coal-measures as 
they are developed in the different districts ; and since 
the history and commercial importance of the coalfield 
gf Newcastle give it the pre-eminence, we may conve- 
niently start from that focus of activity. 

It must be premised that the limits of a coalfield 
are not to be confounded with the area coloured as 
"coal-measures" in a geological map; for although 
in some regions (as in South Wales) it is one and the 
same thing, the coal-seams are often well known and 
largely worked beneath other newer formations, which 
in a map are represented by their proper colour, 
whether they overlie coal-measures or any other older 
rocks. We shall, therefore, in many instances have to 
speak of a coalfield as such, where it signifies the 
extent of proved coal-producing ground, whatever the 
mere covering may be composed of. 

On examination of a geological map it will be seen 
that, coming southward from the Durham coalfield on 
one side of the central chain of North English hill 
country, and from that of Cumberland on the other, a 
large interval separates them from those of Yorkshire 
and Lancashire respectively. It will be seen, too, that 
there are certain features of connection in each case 
between the East and the West, which it is not so easy to 
establish between North and South, and we may there- 
fore take one division for this chapter as including the 
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coal regions north of a line drawn from the mouth of 
the Tees westward through Kendal and the south side 
of the Lake country. 

About equidistant from the Irish Sea on the west 
and the North Sea on the east rises the broad backbone 
of the hill country, composed of the carboniferous lime- 
stone with all its numerous subdivisions so carefully 
studied by the lead-miners of those breezy fells, and 
bearing on its culminating points, and on the high 
ground extending for many miles breadth on the east, 
a capping of millstone-grit. On the west side, or 
towards Penrith, this main chain has been greatly 
disturbed and abruptly broken at an early geological 
period, whilst on the other side the land slopes more 
uniformly from the high ground. The strata here, 
inclining gently eastward, partake of the same regula- 
rity, and as we proceed towards the coast, succeed in 
ever ascending order till the various coal-seams " put 
in," one after the other, and are at length similarly 
capped by the magnesian limestone, and soon after- 
wards — not cut off, but surmounted — by the sea. The 
field of the* Blythe, Tyne, and Wear, so-called after 
its rivers, extends from the Coquet on the north to near 
the Tees on the south, for about 50 miles in length, 
with a breadth of about 20 miles for a great part of the 
way, till it narrows to a point when it passes north of 
the Blythe, an area in all of 705 miles. For some 
miles in breadth along the western side, only a few of 
the lower seams are worked ; then, in a line ranging 
through Newcastle and Durham, we get the full num- 
ber of the workable seams; and again, following a 
sinuous course from Tynemouth past Houghton-Ie- 
Spring to near Bishop Auckland, the overlying 
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permian fonnation succeeds, represented by a generally 
bold outline of magnesian limestone resting on the 
irregular lower red sand, which, from its water-bearing 
and loose properties, presents great difficulties to the 
sinking of shafts eastward of this line. 

In former days this upper was confounded with the 
lower (carboniferous) limestone, and it was supposed 
that a limit was thus formed to the coalfield on either 
side. It was, therefore, a bold step, when the Messrs. 
Pemberton, relying on true geological reasoning, de- 
termined to pierce downward from the coast near Sun- 
derland, and search for the hidden coal-measures below. 
Their famous Monkwearmouth pit was commenced in 
1826, and had to pass through 330 feet of this newer 
formation, towards the bottom of which no less than 
3,000 gallons of water per minute had to be raised by- 
pumping power, until it was successfully tubbed off. 
At 285 fathoms depth they cut the Hutton seam, 
having previously intersected the Maudlin or Bensham 
seam 20 fathoms higher. And these results appear to 
establish a curious point in the configuration of the 
coalfield. The seams which thus lie nearly 1,700 feet 
below the sea at Sunderland occur at a less depth as 
they pass to the north and to the south, whilst west- 
ward they rise to their outcrop at Howes GiU — an 
elevation of 740 feet aiove the sea, giving a difference 
in level of 2,440 feet It would appear, then, that this 
is the deepest part, or a sort of transverse trough in 
the stratification ; but as the measures have generally 
a gentle inclination eastward, where they have been 
sunk to along the coast, it yet remains to be proved 
whether the deeper part of the entire basin does not lie 
further seaward, and the probability remains of a large 
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area of this productive coalfield extending beneath the 
German Ocean. At these deep pits, and those of 
Byhope and Seaham, also sunk within the last few 
years at a small distance from the coast line, the 
deeper seams of the field have not yet been reached ; 
but from sections obtained in the shallower pits in the 
west, the succession is perfectly well known. 

The total thickness of the measures from the lowest 
known seam upwards may be taken at little more 
than 2,000 feet. The upper half contains only a few 
unworkable beds, the lower half all the valuable seams. 
In this field, as in all others, the thickness and cha- 
racter of a particular band of coal will be found to 
vary, and that to such an extent as to occasion much 
difficulty in identifying the seams of distant pits. A 
coal which is suitable for steam purposes in one part 
of the areli, will be more fitted for household use in 
another ; and that which is the mainstay of a colliery 
in one locality may be barely traceable in another. 

The chiefly important seams are the following : — 

Feet. Inches. 
Monkton and Hebbum Fell seam 2 10 

High main 6 

Metal coal 3 

Yard coal (Main coal of Hetton, 6 feet) ... 3 8 

Bensham or Maudlin, 4 feet 8 inches at Monk- 

wearmoutli 6 

8iz-qiLarter 2 6 

Five-quarter (Low main at Monkweaxmoath) . 4 1 

Low main (Hutton seam 4 feet on the Wear) . 6 

Grow coal, generally thin, at Ejton .... 2 8 

Five-qnarter 3 8 

Bnler 1 6 

Townleymain 3 10 

Stone coal, or five-quarter \ 3 9 

> Busty Bank. 
Six-quarter ) 3 4 

Three-quarter 2 6 

Brockwel] 8 2 
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The airerage number of seams found to be workable 
in any one section may, I believe, fairly be taken as 
twelve, with about 60 feet of coal in the aggregate. 

Great advantages exist in the district : first, in the 
general regularity of the measures, dipping at a very 
moderate angloji commonly about 1 in 20 ; the con- 
venient thickness of the seams, from 3 to 6 feet ; the 
excellent qualities of the coals, and the usual goodness 
of the roof, which allows of wide working places and 
roads, with a very small expenditure of timber. The 
difficulties are the considerable depths of the sinkings 
in the newer pits, the watery strata to be pierced, and 
the large amount of fire-damp giving off by many of 
the seams. 

Faults or slip-dykes are few and far between as 
compared with most coalfields, and the whin or basaltic 
dykes, which traverse the district in an east-south-east 
direction — although they injure the coal on both sides 
of them to a distance of some yards — are not found to 
derange and interfere with them as they do in Scotland 
and South Staffordshire. Among the ordinary faults, 
the most remarkable is the great 90 fathom dyke, 
which — appearing on the coast near Cullercoats, where 
it displaces the strata to that amount — oranges past 
Gosforth to Blaydon, and then entering on the more 
hilly ground, may be traced westward through the 
limestone range to tlie new red sandstone in the neigh- 
bourhood of Carlisle. Along this part of its course the 
tkrow^ though variable, is sufficient to inlay, as it were, 
on its north side a long strip of coal measures, and 
thus to give rise to the collieries of Stublick, Midg- 
holm, Tyndal Fell, &c. 

The variations in quality of the seams as they range 
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through this extensive field give rise to different com- 
mercial applications. The best "household coal/' 
commonly called after the well-known Wallsend pits, 
extends from the Tyne to the Wear, and from the last- 
named river to Castle Eden, and occupies another area 
about Bishop Auckland. The denser white-ash steam 
coal characterises the district beginning some five 
miles north of the Tyne ; whilst the tender coals, which 
afford an admirable coke, are largely worked all along 
the line of the outcrops on the west, from Wylam and 
Eyton down to the outskirts of Raby Park. 

The total production of the Durham and Northum- 
berland field, which, in 1854, was 15,420,615 tons, is 
for the year 1864 no less than 23,284,367 tons.* This 
enormous increase is in great part due to the rapid de- 
velopment of the Cleveland iron district, in North 
Yorkshire. The iron furnaces in the three districts 
fed with the coal from this field were, in 1854, as 
many as 58; in 1865 they were augmented to 105 
actually in blast ; and as huge quantities of Durham 
coke are now conveyed to the western coast for the 
smelting of the hematite ores, the total quantity of 
coal thus consumed is probably much more than 
doubled in one decennium. 

Cumberland Coalfield. — In the mountain lime- 
stone district about Alston, two or three small seams 
of anthracite (crofv coal), mostly of but a few inches 
thick, have been worked for lime-burning, &c., yet are 
of little commercial importance. But a remarkable 
change occurs on their passing the great dyke, or fault, 
above described ; for on the line of the Newcastle and 
Carlisle railway one of them has been worked at 
Blenkinsop, of good bituminous character, and no less 

• In 1870, 27,613,539 tons. In 1878, 30,133,884 tons. 

D 
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than 6 feet thick, surmounted by a limestone roof. As 
these seams pass northward they increase in number 
and importance, till in the farther parts of Northum- 
berland they are described by Mr. Boyd as being twelve 
in number, from 2 to 4 feet each ; and thus it is that 
they form an introduction to the series of limestone 
coals so valuable in Scotland.* 

On the western side of the great limestone chain 
slight indications of much-disturbed coal-seams occur 
near the base of the great Cross Fell escarpment; but 
the important part of the Cumberland coalfield only 
appears distinctly on emerging from beneath the red 
sandstone cover, south of Wigton, whence it laps round 
the older rocks of the Lake District, by Maryport, 
Workington, and Whitehaven, to its termination, near 
St. Bees. 

The total thickness of the measures, as well as the 
number of seams, is notably less than in the Durham 
field, whilst its length is under 30 miles, and its proved 
breadth about 6 miles. The quality is also inferior for 
household coal, and very much so for coking. Cer- 
tain of the seams are, however, remarkable for thick- 
ness and regularity, as well as the peculiar circum- 
stances under which they have been worked. These are 
best exhibited at Whitehaven, where along a coast line 
of nearly 2 miles extensive operations have been carried 
on by Lord Lonsdale to the distance of 2 to 3 miles 
under the sea. The strata here dip slightly seaward, 
but are intercepted by a numerous succession of faults 
which have rendered their exploration unusually diflBcult 
and expensive. Fortunately, the dislocations have been 
of such a character as to allow of this large area being 

* See Mr. Boyd's paper in the Transactions of the Institute of 
Mining Engineers. 
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mainly worked by horizontal roads driven off from tho 
William, Wellington, Croft, and Saltompits, at depths 
of from 100 to 150 fathoms. The principal seams 
(omitting two or three thin beds above and below) 
are as follows : — 

Bannock band, 6 ft. 4 ins. to 10 ft. 11 ins., including li ins. to 

3 ft. 6 ins. of "metal" partings. 
Strata 20 fiois. 
Main band, 9 ft. to 11 ft. 9 ins., with occasional partings of 2 ins. 

to 1 ft. 3 ins. 
Strata 40 fms. 
Six-quarter band, 4 ft. 

In the year 1765, M. Jars states that operations had 
already been extended to the distance of a quarter of a 
mile nnder the sea ; that three seams were in work : 
an upper, rather stony, 5 feet coal, used for salt-mak- 
ing; the second, 75 fathoms deeper, the Bannock band; 
and the Main band of 10 feet thick. Wooden rails 
were in use, and the drainage was effected by four fire- 
engines, two of which stood on the sea-shore. Fire- 
damp appears to have been very troublesome, and it is 
a remarkable fact^ that the manager of the mine had 
at that early date proposed to the authorities of White- 
haven to lead pipes through all the streets of the town 
to light them at night with the natural gas. 

At Workington the seams were also wrought be- 
neath the sea, but as they rose towards the bottom of 
the sea, they were followed up too far, and as due pre- 
caution was strangely disregarded, the sea burst in in 
1837, and the lamentable result was the loss of thirty- 
six human lives, and the entire destruction of the 
colliery. The same seams are extensively worked on 
their rise at the Clifton and other collieries in the 
valley of the Derwent, and again towards Maryport 
and Wigton. 
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The total production of this county has increased 
from 887,000 tons in 1854 to 1,408,935 tons in 1870.* 

Coalfields of Scotland. — In tracing northwards the 
great calcareous mass which forms the mountain lime- 
stone of Derbyshire and Yorkshire, we have seen above 
that when- it enters Cumberland and Northumberland 
it has already greatly changed its character. Divisional 
strata of shale {plate) and sandstone {hazet) separate 
the bands of limestone, and coal seams make their 
appearance, which, beyond the great 90-fathom dyke, 
attain considerable technical importance. And when 
at length we cross the border, and enter upon the 
Scottish area, we find this formation — lapping round 
the great upheaved districts of older rocks ranging 
from Kirkcudbrightshire to Berwick — to contain a 
valuable and largely-worked series of coal-seams. 

The range of the carboniferous formation in Scotland 
extends from the coast of Ayr to the mouth of the 
Frith of Forth, and over an irregular width of from 
20 to 30 miles ; but as regards the workable portions 
it is broken up into several distinct fields, partly by 
the uprising of the lower coalless strata, and partly by 
the interference of vast masses of igneous or trap rocks 
(the whin of north England), sometimes bedded, and 
at others injected as dykes. 

The full thickness of the coal-bearing strata is well 
shown in the coalfield of Midlothian, east of Edinburgh, 
where a district of about 9 miles long by 2 or 3 miles 
mde, is occupied by "measures" perfectly analogous 
iu character and contents to the English coalfields, t 

• This amount was not exceeded in 1878. 

t See Mr. Milnes' account of this coalfield in the Trans. Roy. Soc» 
Ed., and Mr. Howell's description in the Memoirs of the Geological 
*=?urvey, 1861. 
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la a total amount of about 1,200 feet, indndiiig a 
middle band of 200 feet of miproductive rock, are 
developed some twelve seams, mostly from 2 to 5 feet 
thick, although one of them, the ^^ great seam," attains 
a thickness of 8 to 10 feet 

Below these comes the millstone grit, of 340 feet 
thick, and then in descending order the carboniferous 
limestone, with a total thickness of 1,590 feet, but 
containing, along with only some 40 feet of limestone 
in many thin bands, a series of about seventeen beds 
of coal of from 2 to 5 feet each (Howell). 

The lower limestone is without coaL 

Mr. Matthias Dunn, writing in 1830, gave an in- 
teresting description of the working of the outcrop or 
edge coals, which, in a measured section at Niddrie 
Colliery, he states to be twenty-four in number, work- 
able seams, with a total thickness of 95 feet of coal in 
4,344 feet of measures, included between the " grama- 
cham " or " diamond " above, and the " north greem " 
seam below, which rests nearly upon the thick encrinital 
limestone. 

The Fifeshire coalfield, as described by Mr. Landale, 
presents a valuable array of seams, one of which — the 
Dysart main seam — attains the unusual thickness of 
21 feet; but this region is much dislocated by faults 
and interfered with by igneous rocks. 

Passing westward through Clackmannan, Stirling, 
and Linlithgowshire, we come to the important fields 
of Lanarkshire and Ayrshire, where the chief features 
are the admirable gas or parrot coals, the moderately- 
thick splint coals, used for iron-smelting, and the black 
bands, or beds of carbonaceous ironstone, which have 
for many years been the mainstay of the surprising 



54 COAL AND COAL-MINING. 

production of Scotch pig-iron. Mr. Ealph Moore, adopt- 
ing a similar three-fold division to that above cited, 
states the general character of the section to be — 

1. The true coal-measures, 840 feet, from the upper 
4-foot coal down to the slaty-band ironstone, in- 
cluding ten seams of 2 to 5 (and in one case 8) feet 
in thickness. 

2. The millstone grit, 960 feet. 

3. The limestone series, 2,200 feet, with three beds 
of black-band ironstone, and several seams of good 
coal. 

The importance of the coalfields of Scotland may be 
inferred from the fact that in 1854 the production of 
coal was 7,448,000 tons, from 367 collieries ; in 1870, 
14,934,553 tons, from 411 collieries.* 



CHAPTER V. 

COALFIELDS OF CENTRAL ENGLAND. 

If the reader will take in hand a geological map of 
England,t and fix upon the curious rugged hill of 
Mow-Cop, near Congleton, as his * centre, he may draw 
a circle with a radius of 60 miles, which will embrace 
sixteen patches of coal-measures, being fields and 
basins more or less separated from one another. Geo- 

• In 1878, 634 collieries produced 17,837,282 tons. 

t It has been thought unnecessary to insert a map in this little 
Tolume, when so many good geological maps on a useful scale are 
before the public. As a series arranged according to increasing size, 
may be recommended Sir Rod. Murchison's little map prepared for 
the Society for the Diffusion of Useful Knowledge ; Prof. Eamsay's 
England and Wales ; Knipe's British Isles ; and Greenough's large 
map, edited by the Geological Society. 
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logically, we have very good reasons for assigning a 
common origin to the whole of them, and considering 
them to be the separately visible portions of one vast 
deposit, which, in the course of ages, has variously been 
depressed and covered up by newer strata, then up- 
raised and denuded in part, so that — after the fashion 
of Virgil's famous oak-tree — ^whilst the higher portions 
may have stood 8,000 feet above the crests of the Peak 
of Derbyshire, the lower beds approximate to Tartarus 
by dipping down from off the Buxton mooflands to 
a depth of some 12,000 feet beneath the plains of 
Cheshire. And the inductions of geology iif this respect 
will at no distant day be required to solve a question 
of national moment — the continuity and position of 
the coal-measures between these apparently disjointed 
fragments. 

Yorkshire and Derbyshire. — From Leeds to Not- 
tingham there extends an unbroken range of coalfield, 
65 miles long by from 8 to 20 miles wide, inclining on 
the whole gently to the east, where it is covered in 
succession by the lower red sand, the magnesian lime- 
stone, and the new red sandstone. Whilst, therefore, 
bounded on the west by the outcrop of the beds, it is 
on the east only overlaid by newer formations, and in 
all probability extends far beneath them. 

The thickness of the measures where fully developed 
(which is not the case until some miles away from the 
outcrop) is about 3,000 feet, out of which the lower 
several hundred feet are chiefly noticeable for the occur- 
rence of flagstones, and of coals with ganister floor, 
whilst the shales contain the marine shells, alread/ 
enumerated at p. 39. The chief seams of coal and 
ironstone are found in greater number towards the 
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bottom than the top of the measnres, and the former 
may be taken on the average at sixteen in number, 
with 45 feet total thickness of coal. The most remark- 
able of the seams is the " top-hard," which, in Derby- 
shire, is 5 to 6 feet, but increases on passing into 
Yorkshire, till it becomes the " Barnsley thick bed," 
of 9 feet. Another seam, now well known in the 
London market, is the " Clod " or " Black Shale" of 
Derbyshire, the " Silkstone" of South Yorkshire; and 
one of the purest house coals ever seen is the " Kil- 
bum coal," a bed only developed in the south of 
Derbyshire. 

In these counties, then, with the adjoining Notting- 
hamshire, we have the largest continuous coalfield in 
England ; for we may estimate that it occupies about 
800 square miles. But one of its most welcome fea- 
tures is its prolongation eastward, first proved on the 
large scale by the Duke of Newcastle's spirited sinking 
at Shireoak, where — commencing in the red sandstones 
at the distance of five miles from the visible coalfield, 
and cutting the top-hard coal at 610 yards deep — it is 
not only shown that all the measures are in their proper 
place, but that they may be expected to lie at moderate 
depth and an easy inclination. It may be roundly said 
that this success assures us of half as much again to be 
added to the resources of the coalfield, and a speculative 
mind will reckon on a still larger augmentatiour 

Lancashire. — More irregular in form, and much 
intersected by great faults which dislocate the strata 
to the amount of hundreds of yards, this coalfield is 
one of our noblest Crossing to the westward the 
ridge of lower rocks which separate it from Yorkshire, 
a watchful eye will recognise the re-entry into the 
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ground of the various seams which had been seen to 
pass out on the opposite side of the hills. Especially 
is this to be noted with the Ganister coals, and the 
peculiar fossils in their roofs, and with the Arley mim 
or seam, which occupies the place of the Black Shale 
or Silkstone. 

As a general feature, although much interfered with 
by the great dislocations, the analogous arrangement 
to that of Yorkshire is observable, viz., that the seams 
incline off from the high country of the moorlands, 
and are succeeded, after occupying a variable breadth 
of surface, by the newer beds of the Permian and 
Trias formations. But the total thickness of carboni- 
ferous strata, as well as the number of coals, is mutfh 
greater than on the eastern side of the chain of hills. 

Mr. Binney, the assiduous explorer of this field, has 
long since found it convenient to divide it^ thickness 
of above 7,000 feet into three portions, as follows : — 

1. Upper coalfield, including the peculiar Ardwick 
limestones, with numerous fish-remains^ and seve- 
ral thin beds of coals. 

2. Middle coalfield, 3,500 feet, containing all the 
more important seams from the Worsley four feet 
downwards. 

3. Lower coalfield, or Gtenister series. 

The chief centres of activity are St. Helens, Wigan, 
Ghorley, Bolton, Manchester, and the outlying tract of 
Burnley. The seams are generally from three to six 
feet thick ; one of the most noted is the excellent 
Cannel of Wigan, three feet, sometimes occurring in 
close proximity to the ^^ King-coal;'' and here, as at 
Pendleton, Patricroft, &c., near Manchester, veiy 

d3 
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extensive collieries are worked at depths of from 400 
to 600 yards.* The total number of seams above two 
feet in thickness is on the average 16 to 20, with about 
70 feet of coal in the aggregate, whilst the entire area 
is given by Mr. Hull, who has examined it for the 
Geological Survey, as being 217 square miles. 

Cheshire. — The Lancashire is continuous on the 
south and east with the Cheshire coalfield, so that a 
narrow strip belonging to this latter county exhibits a 
very similar succession of strata. A special interest 
has been given to its mining by the fine shaft (the 
deepest in England but one) sunk by Mr. Astley, at 
Dukinfield, to the " Black Mine,'' at the depth of 686 
yards ; and pierced through no less than 22 workable 
coals. Towards Congleton this coalfield fines off, and is 
divided by a very narrow interval from that of 

North Staffordshire. — Here a very singular plica- 
tion or folding of the strata brings in a most valuable 
succession of coal-measures, amounting in the whole to 
about 5,000 feet in thickness. 

1. The upper portion of 1,000 feet contains a quantity 
of red and purple clays, much used in the potteries 
for bricks, &c., and only a few thin coals. 

2. Pottery coak and ironstone measures j 1,000 to 
1,420 feet, with 8 to 13 seams of coal of above 
two feet thick, most inferior; and 10 to 12 mea- 
sures of ironstone. 

3. Lower thick measures^ containing the chief furnace 
coals, from the Ash to the Winpenny inclusive, 
17 or 18 seams above two feet Ironstone scarce 
or absent. 

4. Lowest measures, 800 feet, with from two to four 
thin coal seams. 

• The Eose Bridge Colliery, near Wigan, is 815 yards deep. 
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Neglecting the seams under two feet in thickness, 
we have in certain measured portions of this field no 
less than 40 seams, with a total thickness of 140 feet 
of coal; in another case 24 seams, with 109 feet. 
Among its more remarkable beds are the courses of 
carbonaceous ironstone, or black-band, which occur three 
or four in number, with a variable thickness, but 
amounting in some cases to three, four, and even six 
feet, often crowded with shells of the bivalve Anthra- 
comyd. Near these also comes in a thin band of fresh 
water (?) limestone, containing spirorbis carbonariuSy 
and analogous to the Ardwick limestones near Man- 
chester, and to a bed with the same fossils in the coal- 
field south of Shrewsbury, and in that of Warwick- 
shire. 

The boundary on the eastern side of the tract is the 
outcrop, against the bleak hills of millstone grit ; on 
the west the new red sandstone, under which its beds 
plunge ; and on the south an irregular line, occasioned 
by dislocations and the inletting of the overlying Per- 
mian strata. 

A small outlying field, named after the town of 
Cheadle, with seven or eight seams, is of very limited 
importance. 

Taking your stand on the high ground on the west 
of the Potteries coalfield, you may, on a clear day, 
descry the Shropshire field on the south, and the 
Welsh hills on the west, with the coal area of Denbigh- 
shire at their base. The plain of new red sandstone 
and marl exetnds almost like the sea &om one hill 
range to the other, and the idea involuntarily suggests 
itself to the mind of the geologist that the coal-mea- 
sures are continuous beneath those broad intervals^ 
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even though the depth may be such as to render theni; 
in part at least, unattainable to man. 

Denbighshire and Flintshire.— Commencing sud- 
denly with a bold promontory of the carboniferous 
limestone near Oswestry, a band of coal-measures 
reposes against the chain of hills which course by 
way of Euabon and Mold to Mostyn, at the mouth of 
the Dee. The scams are not numerous, but some of 
them, as the 3-yard and 5-yard coals, are remarkable 
for their thickness ; and a bed of cannel, lately found 
near Mold, is no less noted for its excellent quality. 
Moreover, the boundary of the field being, on the east 
and north-east, the overlying new red formations, 
leaves it very probable that a large amount of coal, 
continuous with that already worked, may be found at 
moderate depths. 

Shropshire. — Omitting some small unimportant 
patches of coal around Shrewsbury, we arrive — in the 
Coalbrook-dale district— at a focus of colliery working 
intimately connected with the development of the 
British iron-trade. The total thickness of the mea^ 
sures is but 1,000 to 1,200 feet, and the number of 
seams of coal with their height also diminish rapidly in 
going south, so that the 55 feet of coal at Donnington 
dwindles to 40 feet at Lightmoor, and to 16 feet at 
Amies, near Broseley, south of which town all the iron- 
stone measures — so valuable north of the Severn — are 
represented by a single bed — the Crawstone. The 
especially interesting geological characters of the dis- 
trict have been excellently described by Prestwich 
(Geol. Trans. 2nd Ser. vol. v.), and further details on 
the ironstones are given in " The Iron Ores of Great 
TJritain '' (Mem. of Geol. Survey, 1862). 
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The whole of the old or hitherto-known coalfield will 
in a very few years hence be entirely exhausted ; but 
already successful workings have been put through the 
Permian rocks which border its eastern margin ; and 
the geologist has little doubt that were he possessed of 
physical penetrating power enough to enable him to 
dip with the coal-seams as they incline eastward^ he 
would, after a deep underground passage of some 14 
miles, emerge again in the coalfield of 

South Staffordshire and Worcestershire. — The 
'* black country/' as it has been popularly called, 
exhibits the most amazing focus in the world of the 
various manufactures which depend on a plentiful 
supply of coal. Its mingled forges, pit-heaps, engines, 
canals, railways, and blast furnaces, and the roar of 
activity which pervades the district, create in the 
visitor a feeling of confusion, which only gradually 
subsides into admiration of the great natural advan- 
tages conferred by the contents of the substrata, — 
advantages which have been the means of attracting a 
dense population, and of raising upon and around it a 
vast assemblage of various and prosperous branches of 
industry. The total area is not large— about 90 square 
miles — and the total thickness of measures moderate — 
say 1,800 feet; but the presence in the southern part 
of the field, about Dudley, Bilston, and Wolverhamp- 
ton, of the 10-yard coal (from 24 to 36 feet thick) has 
been a feature of importance without a parallel The 
roughness of the surface has been repeated below 
ground, and the mode of working this admirable de- 
posit of fossil fuel has been a model of which we have 
no reason to be proud : sad loss of life and great waste 
of coal having characterised it almost throughout ; and 
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the rapid exhaustion of the present pits renders it pro- 
bable that in a few years the workings of the " thick 
coal " will be matter of history.* Meanwhile the lower 
seams of the " Heathen " and " New Mine ^' coals are 
coming into great employ, and a comparatively new 
field of many different seams — the separated represen- 
tatives of the 10-yard coal — has been rapidly opened out 
in Cannock Chase. For the details of this coalfield we 
must refer the reader to the excellent description by 
Mr. Jukes, " Mem. Geol. Survey," 2nd ed., 1859. 

The number of seams may be given as averaging six, 
with a total thickness of 50 feet of coal. 

Two peculiarities of this coalfield require to be men- 
tioned, even in a brief sketch like the present. 1st, the 
prevalence of intrusive dykes and bands of igneous 
rock, the white and green rock of the miners ; ajid 2ndly, 
the absence of the millstone grit and carboniferous 
limestone, the coal-measures reposing directly upon 
the Silurian shales and limestone. 

The glory of South Staffordshire as an independent 
district is past; but the iron-masters make a gallant 
fight of it in competing with other districts by the in- 
troduction from great distances of cheaper iron-ores as 
well as coals, and by strict attention to the quality of 
their products. 

Wakwickshirb. — On the south-east of Tamworth, 
the clearing away of the red marls reveals a coalfield, 
which runs for some 15 miles in length by Nuneaton 
and Atherstone, in the same south-easterly direction 
as the Trent- Valley Railway. The total thickness of 
its constituent rocks is nearly 3,000 feet; but the 
lower half is unproductive, and the upper half contains 
only five seams, with an aggregate of 26 feet of coal. 

* The discovery at Sandwell Park, in the last few years, of a new 
area under the Red Sandstone is highly important. 1880. 
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The area, too, being only 30 square miles, leaves ihis 
a very unimportant tract at present; but its signi- 
ficance as an indication is not to be overlooked^ seeing 
that, like the last and next following coalfields, it is 
surrounded for the most part by the new red forma- 
tions, and may, therefore, with confidence, be expected 
at a future day to be greatly extended. 

Leicestershire. — In this county — again after an 
interval of a few miles of the covering, of red rocks — a 
coal-producing tract presents itself. With a total 
amount of strata a little less than the last, it exhibits 
more seams, generally ten of workable thickness, 
with 45 feet aggregate of coal. The Moira Colliery, 
near Ashby-de-la-Zouch, is very largely opened on the 
fine " main seam " of 12 feet thick, of which only the 
upper six feet, the over coal^ is taken out in the present 
operations ; the nether coaly of rather inferior quality, 
remaining for a future day. 

The actual area of the denuded coalfield is only 15 
square miles ; but several pits have already been sunk 
with success beyond its boundaries through the over- 
lying strata. 

It will be interesting to compare, for the above dis- 
tricts, the production of coal during 1864 with that of 
ten years before, and with the later statistics. 

ProdaoeofcoBlinl864. 1864. 1870. 1878. 

Tons. Tom. Tons. Tons. 

Yorkshire .... 7,260,000 8,809,600 10,606,604 16,688,810 



Derbyshire . . 
Nottinghamshire 
Lancashire . . 
Cheshire . . 
Shropshire . . 
Staffordshire and 
Worcestershire 
Warwickshiro . . 
Leicestershire . . 
North "Wales . . 



2,406,696 4,470,760 6,102,265 7,190,000 

813,47^ 796,700 2,116,372 4,107,360 

9,080,600 11,630,000 13,810,600 18,060,025 

786,600 822,760 929,160 616,676 

1,080,000 1,160,000 1,343,300 830,675 

7,500,000 11,469,861 13,230,062 13,203,190 

266,000 764,000 647,640 1,026,450 

439,Q00 890,600 699,460 1,020,600 

1,143,000 1,987,060 2,829,030 2,222,367 
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The ratios of increase in ten years in the different 
counties are remarkably unlike ; and whilst in most 
cases the quantity raised has been augmented by from 
20 to 60 per cent. , in a few of them it has been more 
than doubled. The numerous canals and railways of 
central England greatly increase the mutual connection 
of these several fields, and as time advances, new bore- 
holes and sinkings will ere long throw additional light 
on their natural relationship. 



CHAPTER VI. 



COALFIELDS OP THE WEST OF ENGLAND, SOUTH WALKS, 

AND IRELAND. 

Bristol and Bath. — A large area, extending for some 
25 miles in length from the Mendip hills on the south, 
and closing to a point near Wickwar, consists of coal- 
measures exposed to the surface in large patches, but 
covered over much of their extent with the newer forma- 
tions — red sandstone, lias, and oolite. On the southern, 
western, and north-eastern edges the coal-bearing strata 
repose on the carboniferous limestone; whilst their 
eastern termination, where they pass under the Bath 
oolites, is at present uncertain. The total thickness 
of the series, above the millstone grit, or " Farewell 
rock," is about 6,000 feet; but except over certain 
small portions of the ground, the upper part of the 
series, containing some of the best household coals, 
has been swept away by denudation prior to the de- 
position of the red rocks. Thus, in the rich district 
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north-east of Bristol, the uppermost seams appear to 
be absent, whilst in the neighbourhood of Badstock 
and Midsomer Norton a very interesting basin-shaped 
deposit of them is explored by the collieries of H.R.H. 
the Prince of Wales and of Lady Waldegrave. These 
seams are already deep at some of the pits; as for 
example, 200 fathoms at Clandown (where 40 fathoms 
are sank through overlying formations), and above 
100 fathoms of barren strata intervene before another 
group of coal seams is arrived at. The second group 
occupies, of course, a much larger area than the first, 
and is worked at Farrington Gumey, &c Next in 
order comes a great thickness of sandstones, termed 
the " Pennant," which occasionally present the rough 
structure of millstone grit. Below the Pennant we 
have again a deep series of shales, containing a con- 
siderable number of seams, some of which are worked 
at Bedminster, Stratton-on-the-Fosse, &c. ; whilst the 
lowest coals, very close to the limestone base, arc 
worked at Yobster, Ashton, and at Nailsea. 

It is observable that the mode of working adopted in 
the southern part of this district, coupled with certain 
local advantages, has rendered it possible to wor^ 
coal seams of little more than one foot thick ; nay, in 
one of the " little veins," I have measured the height 
to be only 11 inches of coal I We may, therefore, take 
a comparatively greater number of seams in this field to 
be " workable," and it would appear that they may be 
grouped as follows : — 

Upper series, Badstock, 6 seams, with total of 11 to 12 feet of coal. 
Second, or Farrington series, 4 workable seams, with 6 to 12 feet of coaL 
Pennant grit, witii thin seams, 1,500 feet. 

Third series, Bedminster, Stratton-on-the-Fosse, ") 20 to 36 seams, with 
Lowest series, Yobster, Kailsea, &c., $ 60 feet of coal. 
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The last two groups are not very distinctly separated, 
and their seams are difficult to identify, from their 
being variable in character and being much disturbed 
where they approach the limestone. Indeed, the ver- 
tical and even overthrown condition of the strata at 
Vobster, on the north flank of the Mendip hills, is our 
nearest approach, in Great Britain, to the abrupt fold- 
ings which are so remarkable in the coalfields of 
Belgium. 

When we look to the numerous and thin seams of 
the south portion of this field, and the violent contor- 
tions to which, along with their limestone base, the 
coal strata have been subjected, we are induced to 
recognise the Belgian type, and to look eastward, in 
the direction of the axis of disturbance, for a continua- 
tion of the trough of coal-measures. Evidence, how- 
ever, not altogether conclusive, has been obtained by 
boring, which would make it probable that the lower 
measures also, like the upper ones, crop up under the 
overlying rocks. Towards Bath, at Twiverton, seams 
of the lower series, much faulted and highly inclined, 
are worked, but it is uncertain how far they extend. 
We may also speculate on the coal-measures being 
brought in again by convolution on the south side of 
the Mendips, beneath the more recent formations; 
but on this point no trials appear to have been made. 

It may be remarked, that a source of error in estima- 
ting the quantity of coal in the ground is very observ- 
able in parts of this field; viz., that certain tracts of 
the good seams have been so faulted and squeezed by 
natural causes as to yield little else than slack, and 
thus to be commercially valueless. And a notable 
peculiarity is met with in the overlap faults at Radstock 
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and Olandown, where the seams are dislocated by slides 
in a direction opposite to the nsoal one, and are thns 
doubled over themselves, so as to give, over a breadth 
of from 50 to 200 and even 300 yards, a doable tract 
of the same coal. 

Forest of Dean. — ^This complete and picturesque 
little coal basin, clothed in great part with fine oak 
forest, is an admirable study for the student, — dipping 
on all sides towards the centre, and skirted by its base 
rock, the carboniferous limestone. It is about 34 square 
miles in extent, and from its regularity is thoroughly 
known, even where as yet unproved by pits.* 

The coal measures are about 2,300 feet thick, and 
contain, principally in their lower part, eleven seams of 
18 inches up to 5 feet high, giving a total thickness of 
about 27 feet of coal. 

Below the Churchway, and above the Coleford Higl 
Delf seam, there occurs a thick series of sandstones, 
giving rise to numerous excellent quarries, and which 
in some degree appears to be equivsdent to the Pennant 
of the Bristol field. 

Several of the coals about the middle of the series 
are remarkable for the great number and variety of 
fossil-plant remains found in the roofs : whilst the 
lowest thick coal, the Coleford Highdelf, from 4 to 
10 feet 6 inches, shows only sigillarisB and other large 
obscure trunks of trees. Ironstones are almost entirely 
absent, but the want of them is amply made up for by 
the admirable brown oxide of iron found abundantly in 

* A beantiful model, showing most insiaractiyely the x>osition of the 
Taiious seams, was constmcted some years ago by Mr. T. Sopwith, 
F.R.S., and was deposited hy H.H. Commiasioners of Woods and 
Forests in the Museum of Practical Greology, Jermyn-street. 
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churns or irregular deposits in the upper portion of 
the limestone. 

The Dean Forest field produced in 1854, 420,866 
tons of coal; in 1870, 907,183; in 1879,779,428 tons. 

Devonshire. — In the north of this county, the 
neighbourhood of Bideford is remarkable for the occur- 
rence of small seams of anthracite, or culnij which have 
been worked to a considerable extent. They are of but 
small commercial importance, but are interesting as 
offering a parallel to' the thin seams found in the large 
tract of carboniferous slate in the south-west of 
Ireland. 

South Wales. — The magnificent coalfield which 
extends from Pontypool on the east to St. Bride's 
Bay on the west, and occupies some 900 square miles, 
chiefiy in the counties of Monmouth, Glamorgan, and 
Carmarthen, is no less remarkable for its thickness 
than for the variety and excellence of its products. 
Based upon a foundation of bold hills of limestone, 
which rise on its northern, southern, and eastern limits, 
it forms through a great part of this length an elon- 
gated basin, containing a mass of picturesque hilly 
land, intersected by numerous streams, which have a 
mainly north and south direction, and in which the 
greater number of the works are situated. The very 
numerous dislocations by which it is intersected follow 
a still more regular meridional course. The great 
breadth of the field, from 12 to 16 miles, and the rapid 
inclination of the strata, would soon carry them down 
to unattainable depths, but for their being again raised 
nearer to the surface by an axis of elevation, or anti- 
clinal ridge, which is traceable along a considerable 
distance in an east and west direction. 
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In Monmouthshire the thickness of the strata is far 
less than in the more western portion, and the maxi- 
mum depth to the lowest important seam (the Black 
Vein) may be estimated at 650 yards, whilst the lowest 
workable coal would be reached at 760 yards from the 
surface in the valleys.* Here the uppermost notable 
seam is the well-known house coal, the Mynydd Isslwyn, 
5 feet 6 inches, which, occupying only the middle of the 
trough, has already been worked out over a great part 
of its area. Beneath this comes a great thickness of 
sandstones, the ^^ Pennant ;" and below that again the 
measures, including the excellent furnace-coals and 
clay iron ores, which have given rise to the great iron- 
works of Pontypool, Ebbw Vale, Tredegar, &c. 

Farther west, the sandstones are greatly augmented 
in thickness, and are surmounted by a series of mea- 
sures with many workable seams, which appear to be 
exhibited in full development to the north of Swansea. 
But still farther westward, at Llanelly, an upper series 
of seams occupy a comparatively narrow area, coursing 
east and west, where the full thickness of the coal- 
measures is estimated to amount to no less than 
10,000 feet. If, therefore, we include these, where 
they are worked on the north-east of Llanelly, and 
extending to the Llwchwr River, we have the following 
full section : — 

Uppermost or Llanelly series, 1,000 feet, with 8 seams, and a total of 18 

feet of coal. 
Penllergare series, &c., 3,000 feet, with 16 seams above 18 inches, and a 

total of 50 feet of coal. (Down to the Hughes seam of Swansea.) 
Swansea sandstones (Pennant), 2,700 feet, with 15 seams and 28 feet 

of coal. 
Lower series, 400 to 1,400 feet, with 18 seams and 83 feet of coal. 

• According to surveys made by Mr. T. Forster Brown, F.G.S.j 
H.M. Deputy Gaveller in Dean Forest. 
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The local variations, and especially the thinning out 
eastward of many of the beds, render a general section, 
such as the above, inapplicable except to a limited pert 
of the area. 

On the west of Carmarthen Bay the thickness of the 
measures is again greatly reduced, and their value is 
much deteriorated by the violent foldings and convo- 
lutions to which they have been subjected, and which 
may be seen at their maximum in the cliffs of St. 
Bride's Bay. 

The north-eastern part of the field is principally 
remarkable for its excellent partially bituminous coals. 
In the neighbourhood of Aberdare the seams acquire in 
the highest degree those free-burning and yet smoke- 
less properties, which adapt them especially to steam 
purposes. The run that has consequently been made 
upon the coals of these valleys, has led to the opening 
of such numerous, and such vigorously worked col- 
lieries, that large tracts of the best seam, the Aberdare 
four-foot, have already been exhausted. From hence 
westward the coals of the south outcrop remain bitu- 
minous as far as beyond the Llanelly district, whilst 
those along the northern side of the field change to 
anthracite, and this latter variety of coal alone is 
yielded by the seams rising northward in Carmarthen- 
shire, and by all those of Pembrokeshire. Even within 
a distance of a few hundred yards, the Llanelly beds 
are seen to be bituminous where they rise to the south, 
and anthracitic in the opposite side of the trough. 

The produce of the western districts has been as 
follows : — 

1854. 1864. 187& 

Tons. Tons. Tons. 

Gloucestersliire and Somersetshire 1,492,366 1,950,000 1,840,605 

Monmouthshire \ i 4,028,500 4,490,290 

South Wales / 8,600,000 | 6,948,000 12,926,225 
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An examination of the constituent strata, and of the 
positions of these western coalfields, will lead to the 
induction that they have formerly been united, and 
that in Dean Forest we have a link between its larger 
neighbours, which has been preserved from denudation 
by its fortunately having been folded into a basin form. 
The twenty miles which intervene between Coleford and 
the Welsh hills exhibit only the Old Red sandstone, 
the base on which coal measures once rested, long since 
swept away by the wearing action o£ the sea, when 
the land has been raised after periods of submergence. 

Ireland. — The coalfields of the sister country form 
a most interesting study to the geologist, but unfor- 
tunately yielding only an average of about 140,000 
tons, present to the commercial or technical inquirer 
features of little present value and of no future pros- 
pects. He who has passed long days in exploring the 
hilly coal country of Carlow, Kilkenny, or Tipperary, 
— now examining the fossils of the shales, which remind 
him of those of the lowest coal series of central England, 
and anon looking down upon the wide plains of car- 
boniferous limestone which form the great bulk of the 
low country, — cannot but soon arrive at the conviction 
that Nature probably gave to Ireland with a liberal 
hand, but has again taken away what she had given. 
The isolated little coalfields which exist at present are 
but the remnants of important deposits which have 
been torn away by denudation ; and as they are unmis- 
takably the few lowermost beds of the formation, no 
discoveries are to be expected from boring. It is, 
nevertheless, noticeable that the lower portions of the 
carboniferous strata are developed in great thickness, 
for the limestone is succeeded by several hundred feet 
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of black shale, as in Derbyshire, and then by some 500 
to 700 feet of flagstones, which form a parallel to our 
millstone grit. The coal measures attaining sometimes 
a thickness of 1,800 feet, contain but a few seams, 
mostly very thin, of anthracite, extremely broken, 
* compressed, and uncertain, in county Cork, but in the 
Tipperary and Castlecomer fields, forming basins of 
considerable regularity. 

In the north of Ireland, coalfields of very small 
extent occur in Tyrone and Antrim ; which, although 
some of the seams are of bituminous quality, exhibit 
in the main characters very similar to those of the 
south. And thus the whole of the deposits of fossil 
fuel, being but fragments capable of a very limited 
supply, it is fortunate that the town populations of 
Ireland can be supplied with such facility from the 
Clyde, Whitehaven, the Mersey, and the Dee; and 
that Nature has in some measure made amends for the 
absence of coal by the gift of peat bogs of unsurpassed 
extent and quality. 



CHAPTER VIL 

CONTINENTAL EUKOPEAN COALFIELDS. 

France. — Although unable fully to supply the de- 
mands of a large population and high civilisation, the 
French coalfields are neither few nor poor in contents. 
The sum total of the coal production of France is 
obtained from above fifty diflerent patches of the coal 
formation, only a few of which need to be cited as of 
permanent importance. They may be grouped as the 
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coalfields of the north, of the centre, and of the 
south. 

That of the north, occupying a narrow strip of land 
in the departments du Nord and Pas de Calais, is at 
the one end continuous with that of Belgium, whilst 
on the other it gradually diminishes in value as it is 
followed from Valenciennes and Bethune, towards 
Hardinghen and Boulogne. Considering how the coal- 
measures are covered by the chalk, or cretaceous strata, 
80 to 150 yards thick, some of them offering very 
serious obstacles to the sinking of shafts, it is credit- 
able to the sagacity and perseverance of the French 
engineers and coal owners that they have so ferreted 
out the character and position of these concealed trea- 
sures, as to have brought the production of this field 
already up to over six millions of tons. The seams are 
not actually traceable without a gap into Belgium, but 
are of a similar character, — regular and numerous, yet 
thin : thus the 12 beds of Aniche give together but 
23 feet of coal; 4 beds worked at Douchy, 11 feet 
6 inches ; 18 at Anzin, 39 feet. 

A comparison of these features with those exhibited 
on the flanks of our Mendip bills, and an observation 
of the underground course of the sharp trough of 
French coal strata, deflected as it is from its Belgian 
direction when it arrives at Douay, inclines us to the 
speculation that the palaeozoic rocks may be continuous 
from the Severn to the Rhine. The question may pos- 
sibly be of little practical importance, but is one of 
great interest as regards the original deposition of the 
carboniferous series.* 

• Mr. Gk)dwin Austen long since propounded this view on purely 
geological grounds. Quart. Jour. Geol. Soc, vol. xi. 
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The coalfields of central France are remarkable foi 
their irregular and small area, and the fragmentary 
and unequal state in which most of the seams occur. 
They are commonly based upon some of the primary 
rocks, granite, gneiss, &c. ; and a great part of their 
constituent mass consists of coarse grits, and, towards 
the base, of rough conglomerate. The seams attain, 
here and there, a vast thickness, even up to 40, 60, 
and 80 feet, but are much broken, and subject to 
sudden changes. Some of the French geologists arc 
inclined to consider them the result of deposition in 
lakes, in contradistinction to the fields of the North 
and of England, where they repose on the obviously 
marine beds of the mountain limestone. 

The most important of them is the district of St. 
Etienne and Eive de Gier (Loire), occupying a length 
of about 34 miles, and in which the lower seams occupy 
an area of 60,000 acres. One of these varies from 30 to 
70 feet in thickness. On these follow some hundreds 
of yards thick of barren sandstones, and then an upper 
series of 20 seams of from 3 to 16 feet thick, which 
only cover a surface oi about 10,000 acres, and in the 
midst of which the full thickness of the basin appears 
to be near 5,000 feet. The active manufacturing* in- 
dustry of this neighbourhood has raised the production 
to more than three millions of tons. 

Another remarkable basin is that of the Sadne et 
Loire, the chief working centres of which are Creusot, 
Blanzy, Montceau, Montchanin, and Epignac, where the 
measures contain only ten beds of coal, but at Blanzy 
two of them run from 30 to 60 feet each ; and at Mont- 
chanin, as at Creusot, one seam attains locally the extra- 
ordinary amount of from 60 to 130 feet in thickness. 
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Most of these central fields are, unfortunately, mere 
basins in the older rocks, so that their contents aro 
rigidly defined ; yet a few of them — as that of Creusot 
and Blanzy — offer some prospect of continuation, 
especially on the south-west, beneath the covering of 
newer formations. 

In the south, the coalfield of Alais, in the depart- 
ments du Gard and Ardeche, conveniently situate for 
the supply of the coasts of the Mediterranean, and that 
of the Aveyron, are both of them noticeable for a yield 
which has increased much within a few years past, and 
for having probable reserves beneath the Jurassic strata, 
which on certain sides bound the visible extent of the 
coal-measures. 

In 1863, with a home production of 10 J millions of 
tons — increased in 1873 to 17,485,000 — France con- 
sumed half as much again imported from abroad.* 
Since 1815 the amount raised from French pits has 
been multiplied tenfold; but it is still a problem 
whether the rapidly increasing demand will ever be 
met by the production of the country. My own visits 
to a few pits have impressed on me the conviction that 
the French coal-seams are usually much more difficult 
to work economically than our own ; and that hence 
the prices, ruling higher than in more favoured dis- 
tricts, will always render it difficult for the coal-owners 
to compete on the large scale with those of England, 
Belgium, or Prussia. 

Belgium. — The deepest pits in the world have been 
opened in that narrow, but actively worked, zone of 

* The imports of coal and coke into France were : — 

Tons (1864). Tons (1877). 

From Belgium 3,500,000 3,872,051 

„ Prussia 1,800,000 1,091,388 

„ England 1,200,000 2,792,907 

6,500,000 7,766,346 

.E 2 
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ooal-measnres which mns from west to east by Mons, 
Charleroi, and Namur, to Li6ge. Especially in its 
western portion, the district of Hainaut, the high angle 
of inclination of the strata, sharply folded and even 
zigzagged into a narrow trough, has occasioned the 
shafts to attain in several cases over 750™, or 2,460 
feet ; one shaft, at the Viviers R6unis, near Gilly, even 
1,040°*, or 3,411 feet. 

The Belgian coalfield, which is in all above 100 
miles in length, and generally 4 to 6 miles wide, is 
subdivided into several basins, among which that of 
Mons exhibits the fullest development of the forma- 
tion. No less than 157 seams are known by name, of 
which 120 are workable, varying from 10 inches to 
3 feet. The upper series of 47 seams, not seen else- 
where in the country, are the FUnu^ — a coal burning 
with long flame and giving off much gas; the next 
group of 21 are coking coals ; then comes a third, of 
29 beds oicharbon de forge; and last, 20 to 25 beds of 
charbon sec or Trmgre^ dry coal, burning with small 
flame. 

The production of the different districts of this field 
was: — 

Tom (1867). Ton* (1877). 
Mons \ 

Centre | or Hainaut . . 9,696,280 10,269,374 
Charleroi / 

Namnr 389,686 371,388 

I'iege 2,770,956 3,307,761 

Total . . . 12,766,822 13,938,623 

The northern side of this long synclinal trough in- 
clines much more moderately than the southern ; and 
in the sharp-angled zigzag contortions the same con- 
trast between the two sides may often be seen ; an 
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arrangement recalling the phenomena of our Pem- 
brokeshire field. M. Dormoy, a French engineer, has 
constructed some beantifdl maps to illustrate his views, 
and considers that, in consequence of the swerving 
direction of a great east and west dislocation, the 
southern half of the trough is wanting, except in the 
rich elliptical basin of the Couchant de Mons, where 
the total thickness of the measures is estimated at 
8,000 feet. 

A striking example of the zigzag structure of the 
coal-measures is seen in the accompanjring section of 
the mine des Six BonnierSj near Namur. 




too 



0« 



Fig. 10. 

The mode of working is generally by a modified 
kind of long-work, but one requiring a vast quantity 
of timber, much of which is lost. Within the last 
twenty years great strides have been made in the 
improvement of their machinery, and the output at 
the larger pits is very considerable ; whilst the expense 
of deep sinkings tends, as in the north of England, to 
increase the area worked from a given pit. The quan- 
tity raised per man is much less than the usual English 



78 CX)AL AND CX)AL-MIN1NG. 

standard, partly in consequence of the thinness and 
difficult position of the seams. Not long ago all the 
work-people were, by law, obliged to travel up and 
down by ladders, but at present many are raised by 
the cages ; and \h^ fahrhmst^ or, as it has been termed, 
Warocqui^re (from M. de Warocqu^, who erected an 
excellent one on his own works at Mariemont), has been 
applied with great success at several of the larger 
collieries. 

The price of coals in Belgium is very high; I65. to 
2O5. per ton being obtained for large, and 85. to IO5. 
and 155. for mixed and smalL* They are divided into 
the following classes, according to size : — Houille^ large 
blocks ; ffaiHette^ lumps ; gailleteries^ pieces the size of 
a fist ; gaiUetinSy or tites de rnoineau^ nuts ; and menUj 
smalls, or slack ; whilst the name of ffilletetix is given 
to mixed sorts. 

Prussia. — Almost continuous with the Belgian field, 
the two highly contorted ooal-basins of the Inde, near 
Eschweiler, and of the Wurm, near Aix-la-Chapelle, 
have been worked from a very early period ; and ex- 
tending as they do to a great depth, contain large 
reserves of coal. In the same direction, farther east- 
ward, after crossing the valley of the Khine, comes the 
large and rich coalfield of the Ruhr, or of West- 
phalia ; which, although mined near Dortmund as early 
as 1302, has only within the last quarter of a century 
risen to a high degree of importance. 

That portion of the coalfield which is visible at the 
surface consists in the main of three parallel synclinals, 
rich in a vast number of seams, of which the upper- 
most are a good bituminous coal, the middle series 
semi-bitummous {Sinter or Ess-Kohlen)^ and the lower 

* The prices mentioned throughout the book refer to the years 1 864-6. 
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seams non-bitmninoxis or Sand-cmls. There are here 
DO less thao 117 seams, in 1,203 fathoms of measm*es, 
coDtaiDiDg an aggregate of 294 feet of coal. Nearly 
three-fourths of the number are of workable size, and 
they are now recognised and mapped over the entire 
district by the aid of three or four guide-seams of 
special character and persistence. Of late years 
numerous and systematic borings through the chalk 
strata which overlie the coal-measures on the North 
have proved the existence of several additional similar 
folds over a still larger area, so that the prospective 
value of the field has been more than doubled ; and it 
is estimated that it contains no less than 39,200 
millions of tons. But perhaps the most remarkable 

Ha^^en. Becklinghaiueii. 

Herdecke. Oaatro];). 




Fig. 11. 

a. Lower carboniferous roclu, sterile sandstones. 
6. Productive coal measures, 
e. Cretaceous strata. 

coalfield of the Continent is that of Saarbriicken, on 
the south of the Hunsnick range, and on the left bank 
of the Rhine. In this extensive and isolated tract a 
greater thickness of measures and of coal exists than 
anywhere else in Europe. Prussia has the good fortune 
to possess the lion's share, whilst a small but valuable 
division, containing the lower seams only, falls within 
the confines of Rhenish Bavaria (Rhein-pfalz), and the 
tail end has been proved by borings and sinking to 
extend within the French frontier.* The coal basin, in 

* Included since the events of 1870 in German territory. 
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outside measure, ia about 60 miles long by 20 wide, 
and its lower strata attain, in a line from Bettingen to 
Tholei, the enormous depth of 20,000 feet, whence a 
great portion of the coal must ever remain practically 
unattainable. 

The Prussian mining officers, under the lead of 
Noggerath and Von Dechen, have made most accurate 
surveys and sections of the measures, from which we 
find that the total number of seams above 6 inches 
thick is 164, containing in all, 338 feet of coal, whilst 
the number at present deemed workable, i.e. above 
2 feet, is 77, with 240 feet of coal, and they estimate 
that the quantity of workable coal down to the depth 
of 342 fathoms, in the three Prussian circles of 
Saarbrucken, Saarlouis, and Ottweiler,is 2,750 millions 
of tons, whilst the total amount in the measures for 
the same limited area would be above ten times that 
quantity. 

In the International Exhibition of 1862, perfect 
sections of some of these beds of coal engaged attention, 
and the seams called Callenberg, Schwalbach, Beust, 
and Blucher, reared up against the walls with their 
full height of 10, 12, and 14 feet, afforded a fine 
sample of the products of collieries which now export 
largely into France. One notable peculiarity in the 
coals, and in which they differ strangely from those of 
Westphalia and Belgium, is that the lowest known 
seams are bituminous or caking coal, and that the 
higher they range in the series the more dry or 
anthracitic do they become. Of small importance as 
reserves of fossil ftiel, compared with the two last, 
but yet very suggestive in a geological point of view, 
are the two isolated protrusions of coal of Ibbenbiiren 
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and the Piesberg, near Osnabruck. 'ihej consist of 
tme coal-measnreSy in wliich from five to seven seams 
have been proved and worked on a moderate scale. 
Before quitting Westphalia, it should be added that 
seams of exceptionally good coal, for the newer forma- 
tions, occur in the Wealden strata which traverse a 
part of the kingdom and extend into Hanover and 
Brunswick. In the districts of Tecklenburg, Hinden, 
Osnabruck, &c., these seams, which run from 10 to 44 
inches, are a good deal worked for local purposes, and 
yield in some places caking, in others anthracitic 
coaL 

Another Prussian coal region, that of Wettin and 
Lobejiin, near Halle, claims attention as forming a 
link between the north-western fields and those of 
Saxony. It has long been worked, although figuring 
to a very small amount in the annual returns. 

On crossing the Prussian territories to their south- 
eastern corner, we arrive at the remote and compara- 
tively unwrought coalfields of Silesia. That of Lower 
Silesia extends through the circles of Landshut, Wal- 
denburg, and Glatz into Bohemia on the south-west. 
That of Upper Silesia occupies parts of the circles of 
Batibor, Eybnick, Pless, &c., and passes on the one side 
mto Moravia and Austrian Silesia, on the other by 
Beuthen, towards Krakau. This latter field especially, 
which was commenced upon only in 1784, is of a value 
which has not been sufficiently appreciated. Measured 
at its fall thickness from the saddle of Zabrze towards 
the outcrop, it is stated to contain no less than 333 
feet of coal in seams of above 2^ feet thick ; whilst 
its extent, reaching far beyond the boundary shown ic 
maps, is difficult of limitation, from the fact of the 

b3 
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coal-measures passing beneath newer formations. But 
whilst the total mass of the strata appears to be some 
10,000 feet thick, and much of the coal may therefore 
lie at unattainable depths, it is made out with fair 
probability that this repository must contain an avail- 
able quantity, even within a working depth already 
exceeded elsewhere, of 50,000 million tons of coal 1 

The structure of this latter coalfield is not yet so 
thoroughly explored as to give certainty to calculations 
for the future, but the surveys of men distinguished 
no less as miners than as geologists, Yon Oeynhausen, 
Von Carnall, and Krug von Nidda, leave little doubt 
that the district of the head-waters of the Oder may 
be looked to as a source of supply long after we shall 
have burned out our last ton of coal firom most of the 
pits of our Western countries. 

With the steady advance in production of the 
Prussian coalfields it may be observed that the most 
flourishing is that of Westphalia, where the position 
is eminently favourable to cheap transit, and where 
consumption has been fostered by the price being 
lowered considerably below the standard of other 
Continental producers. 

The following table exhibits the quantities raised 
from the several districts of Prussia during the years 
1863 and'1878— 





1868. 




1878. 




Oflidal Centre. 


Coale. 


Broum 
Coal. 


Total. 


Coals. 


Brown 
Coal. 


Total. 


Breslan (SUeeia) 

Halle (Pr. Saxony) ... 
Dortmund (West-") 

phalia) S 

Bonn fSaarbriicken) ... 
ClanfltnAl ,-,, 


Tons. 
4,421,119 
62,971 

6,876,120 

2,955,364 


Tons. 
188,807 
8,645,189 

1,681 

190,576 


Tons. 
4,609,926 
8,696,160 

6,876,761 

8,145,940 


Tons. 
10,881,703 
89,288 

19,208,942 

5,568,654 
301,728 


Tons. 
444,254 
6,128,661 

• ft 

146,787 
126,714 


Tons. 

10,826,957 

6,162,894 

19,2C«,942 

6,695,267 
428,441 








Grand Total 14,804,574 


4,026,208 


18,880,777 


35,600,160 


6,841,866 ,'41,821,601 
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The brown-coal or lignite of Prussia, as well as of 
Nassau and several other North German territories, 
now commands a great sale as a fuel, well enough 
suited to many purposes. The shallow basins of 
tertiary rocks — ^gener^ly sandstones — which yield it, 
are scattered in patches over a vast extent of country, 
but attain special importance on the Lower Bhine, in 
the Westerwald, in the Wetterau, on the River Elbe, 
and in the Thuringian district 

The coalfields of Saxokt, although locally important, 
and interesting as having been geologically well explored 
by Naumann, Von Cotta, Qeinitz and Von Gutbier, 
are not likely to exercise much influence on European 
production. That of Zwickau was worked at a very 
early date, and being found to extend beneath the 
New Bed sandstone, offers a good magazine for future 
supply. Where best developed on the left bank of the 
Mulde, it exhibits 9 seams, with 96 feet of coaL 

From the careful examination of the coal plants, 
instituted by the Saxon geologists, it is shown that 
whilst the undermost seams of Silesia, the culm series, 
may be termed Lycopodiaceous or Sagenaria coal, the 
lower seams of Zwickau are chiefly of SiffillaruBy 
forming pech-kokle or pitch-coal ; that next above the 
SigiUaria zone comes the Calamite coal, principally 
shown in the Russ-kohle seam, which attains locally a 
thickness of 22 feet 6 inches. Above this occurs the 
Annularia zone, and lastly, including the uppermost 
seams, the Fern zone.* 

The coalfields of Haynichen, and of Potschappel 

* The Flora of our eoalfields of Gloucestenhire aad SomencUhiro 
ofien, I think, a paiaUel to the aboye ; bnt iU details need doeer 
examination. 
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are of far smaller note, but the position of the latter, 
near Dresden and the silver mines of Freiberg, gives 
it a special value. On the whole, this little kingdom 
produced in 1877, of coal and brown-coal together, 
3,477,511 tons; the true coal being 2,914,017 tons, 
raised from 74 pits, by 15,972 workpeople.* 

Austria. — The large amount of forest still existing 
in many parts of the Austrian monarchy has rendered 
coal a requirement of no serious importance until 
within the last few years, when the great increase of 
steam navigation, of railways, and manufactures, has 
given impetus to the production of every kind of fossil 
fuel. The true coal formation stretches from Lower 
Silesia into a limited district of Bohemia, at the base of 
the Riesengebirge ; and that of Upper Silesia forms a 
tract of considerable importance around Mahrisch, or 
Moravian Ostrau, where it is largely worked by Von 
Rothschild and others. On the north-west side of 
Prague the coal-basins of Schlan and Rakonitz, that 
of Radnitz, and the western one of Pilsen, extending 
in the aggregate over some 600 square miles, are all 
being rapidly opened ; but no less remarkable are the 
strikingly thick seams of brown-coal (sometimes from 
30 to 50 feet) found in the flat country of Elnbogen, 
Bilin, Commotau, &c., and largely shipped on the Elbe. 

* The rapid iifcrease of production in Saxony, especiaUj since the 
year 1830, "wiU be appreciated from the statement of annual raisings at 
intervals of ten years : — 

Year. Saxon teh^d, nearly ss I owti. 

1790 30,800 

1800 62,000 

1820 65,000 

1830 165,000 

1840 780,000 

1850 4,200,000 

1860 7.874.000 

1870 15,082,170 
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The Austrian States raise in the year above twelve 
millions of tons, of which over the half is brown- 
coal, but some of the varieties of the latter are so like 
good bituminous samples of the 4)lder coal that I have 
seen one of our most experienced Newcastle pit-men 
entirely at fault in judging of them. A very superior 
quality occurs at Punfkirchen in Southern Hungary, 
and at Steuerdorf and some other localities in the 
Bannat, where it needs an examination of the fossils 
in the shales to convince you that they are in the 
Lias formation. The tertiary brown-coals of Hungary 
and in the Austrian Alps, especially in Styria and 
Carinthia, are not only of a very useful character, but 
occur in seams which in some instances attain the 
surprising thicknesses of 50, 70, and even 120 feet 

Spain. — ^Although the Mediterranean countries are 
generally devoid of true coal, exhibiting only here 
and there deposits of lignite of no great importance, 
the Spanish peninsula presents a notable exception, 
boasting a large coal-field of numerous seams super- 
posed on the carboniferous limestone of the Asturias, 
and two others apparently of great though unex- 
plored value at Belmez and at ViUa Nueva, near 
Cordova. But no great development can be expected 
whilst the means of communication remain so bad 
that the habitual transport of the produce of the 
collieries is eflfected on donkey-back.* 

BussiA. — It is no matter of wonder if, in this most 
extensive of European countries, the abundance of 
forest, and the scantiness of population, have retarded 
exploration for coal. But the researches of Sir 
Boderick Murchison and his associates, Count Key- 
serling and M. de Yemeuil, have proved the existence 

* The last twelve years have witneesed a chaiigv. 
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of a gigantic extension of lower carboniferous rocks, 
ranging along the flanks of the Ural Mountains, over a 
length of about a thousand miles. It is only here ftlid 
there that any coal-seams have been proved to exist ; 
but, although much interrupted, they are distinctly 
shown to occur on both sides of the great dividing chain. 

These authors have attached especial importance to 
the coal-field of the Donetz, between the Don and the 
Dnieper, near the northern corner of the Sea of Azof; 
where the middle carboniferous limestones contain a 
number of workable coal-seams — not remarkable for 
goodness of quality — over an area of about 11,000 
square miles. At the collieries of Lissitchia Balka, 
900 feet of measures exhibited several seams, giving 
an aggregate of 30 feet of coal, and 50 feet of beds of 
limestone with marine fossils. 

Le Play states that he found 225 outcrops with 
above 400 feet of coal ; Prof. Helmersen more recently 
(1864) asserts the existence of nearly 400 seams;* 
and as the northern side of the field is covered by the 
cretaceous rocks, and coal-measures have been already 
proved beneath them, it appears probable that there is 
here a vast development of the older c(5als, of which 
we have notable examples at home, in Northumberland 
and in Scotland. 

The researches of Auerbach and Trautschold on 
the coals of central Russia, published in 1860, describe 
a well-marked coalfield in the Governments of Tula and 
Kaluga, with an area of above 13,000 square miles. 

It appears doubtful whether any seams of the ordi- 
nary upper coal have yet been found ; but should such 
be discovered to extend beneath the overlying Permian 

* Vide Quart. Jour. Qeol. Soc, vol. zz. 
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strata, it seems not improvable that Bassia may one 
day be shown to possess stores of coal, in some degree 
conmiensiirate with the magnitude of her territorial 
proportions. 



CHAPTER VIIL 

GOAL OF NORTH AMERICA. 



South of the St. Lawrence and the great chain of lakes 
an astonishing proportion of the surface of the North- 
American continent is occupied by the carboniferous 
formation ; and if we merely compare the coal-areas of 
the New World with those of the Old, as indicated in 
geological maps, we should conclude that the total extent 
of the deposits of Europe stand, as against those of 
America, in the humble ratio of 1 to 21. But an 
important fallacy is involved in these comparisons, 
inasmuch as the position of the American coal strata, 
with respect to the under and overlying rocks, is such 
as to exhibit their entire area (in the midst of which 
also large tracts are barren), whilst many most valu- 
able portions of the European coalfields are covered by 
newer formations; and tbere seems reason to doubt 
whether in the former there ever occur such great 
accumulations of coal as distinguish some of the fields 
of the latter. 

In the British colonies. New Brunswick and Nova 
Scotia are especially noticeable for a great thickness of 
carboniferous strata, which have been already explored 
by Prof. Dawson and Mr. R Brown. The number of 
seams is comparatively small; but it is interesting to 
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observe that the plants fonnd in or near them belong 
to the same genera, and often to the same species, as 
those of the coals of Europe. 

The Cumberland coalfield, occupying a tract which 
rises towards the Cobequid hills, exhibits along the 
shores of the Bay of Fundy, at the Joggins, an un- 
rivalled natural exposure of strata, which Sir W. Logan 
has measured to be upwards of 14,000 feet thick. But 
although 70 seams of coal are included, very few of 
them, and those only thin, are found of workable 
dimensions. Near Amherst, the productive division 
is stated by Dawson to be 2,800 feet thick, with seven 
seams of from 1 i to 3 feet thick ; giving a total 
amount of not more than 16 feet of actual coal. 

A remarkable contrast to this state of things exists 
in a limited district at Pictou, where, in a much smaller 
bulk of measures, there occur 5 or 6 good seams, the most 
noticeable of which is the Pictou main coal, no less 
than 37| feet in thickness, inclusive of some bands of 
shale and ironstone. 

In the northern and central parts of Cape Breton, 
around the town of Sydney, another coalfield, of con- 
siderable economic value, forms, .according to Mr. 
Brown, one extremity of a great coal region, the main 
body of which extends under the sea towards New- 
foundland. The same practical author estimates the 
productive measures as occupying 250 square miles, 
and as possessing a thickness of 10,000 feet A fine 
natural section, on the north-west side of Sydney Har- 
bour, shows a total of 1,860 feet of measures, with 34 
seams of coal, but four only among them are workable, 
each from 4 feet to 6 feet 9 inches. The excellent 
papers by the two above-named authors, in the Quar- 
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terly Journal of the Geological Society of LondoD, 
contain most valaable contributions to our knowledge 
of the plants and animals of the coal. The quantity 
raised and sold in the province, during the year 1865, 
was 651,266 tons.* 

The extensive coal-fields of the United States are 
evidently, from their character and positions, but the 
huge remnants of a vast coal area, which once extended 
from the St Lawrence down to the mouth of the Mis- 
sissippi, and from the shores of the Atlantic to Kansas 
and the frontiers of Mexico. Although they may be 
separated from one another by gaps of many miles in 
width, the intermediate space is occupied by the same 
floor of lower rock on which the coal-measures rest ; 
and the productive portion of the strata is preserved in 
the several basins, by occupying the depressions of the 
undulated flexures to which the entire mass has been 
subjected. Most violent on the east, along the line of 
the Alleghanies, these foldings become more and more 
gentle westward, so that in the great regions of the 
Ohio and the Missouri the inclination of the beds is 
very small, and their unbroken extent proportionally 
great. Coupled with this fact, moreover, it is found 
that the character of the coal changes: bituminous and 
caking in the broad flat areas, it becomes more and 
more dense when affected by the contortions of the 
Appalachian chain, until, in the parallel synclinal 
deposits of Pennsylvania, it becomes a pure an- 
thracite. 

Prof. Rogers, in his elaborate " Gteology of Penn- 
sylvania,'' dwells upon another broad feature of general 
interest The beds of conglomerate (millstone-grit) 
anl sandstone, which occur in great thickness, and of 

• 1873, 1,051,467 tons, is reported for 1879 at 788,273 tooa. 
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coarse grain, on the east, gradually thin away and 
become finer as they approach the west; whilst the 
slight traces of limestone, associated with the coal- 
measures in Pennsylvania, become more and more 
important as they reach the successive western dis- 
tricts, until beds, that in the Potomac basin are only 
10 feet, become expanded at Wheeling to 200 feet in 
thickness. And aa the coarseness of grits and con- 
glomerates points to the proximity of the land whence 
they were derived, whilst the limestones abound in 
marine organisms, it results that in the coal period 
deep-sea conditions prevailed in the west; and that the 
mass of land, from which the sandy constituents of 
the coal-meeisures were derived, must have existed 
where the Atlantic now rolls its billows. 

The coalfields of the United States, estimated by 
Rogers to occupy an area of 196,850 square miles, are 
five in number : — 

1. The Appalachian coalfield^ forming a series of 
producive basins in Pennsylvania, Ohio, Maryland, 
Virginia, Kentucky, and Tennessee, extends in a N.E. 
and S.W. direction for 875 miles — an unbroken length, 
second only to the spread of the lower carboniferous^ 
rocks along the western flank of the Ural. 

In the southernmost and deepest or the Pottsville 
trough of anthracite, it appears that about 25 workable 
seams have been proved, in other parts only 10 or 12 ; 
so that, although a maximum thickness of 207 feet of 
coal has been ascertained, the average would not exceed 
70 feet. 

Some of the lower seams of the anthracite attain ex- 
ceptionally the thickness of from 10 to 40 feet, probably 
in consequence of the local disappearance or attenuation 
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of tlie stales and grits which elsewhere divide from 
each other six or seven different seams. At Lehigh 
Summit mine the great coal-bed is a magnijScent seam 
of 50 feet, containing 30 feet of good coal.* 

In the bituminous field of western Pcnnsylveoiia, 
seven to ten workable seams f are found in a thickness 
of about 2,100 feet of strata, and the same number 
may be identified in north-west Virginia ; whilst, as a 
proof of gradual attenuation westward, it seems that in 
the western coal-field of Missouri and Iowa seven or 
eight workable seams at the utmost are included in 
about 700 feet of strata. 

The upper series, cropping out a little to the north 
and north-west of Pittsburg, is based upon a remark- 
able seam of coal, named after that town. Prof. 
Rogers has traced out, con amare^ the prodigious extent 
of " this superb bed," and shows how incompatible 
with any drift theory are its persistency and regularity. 
With a thickness of 8 feet at Pittsburg, rising to 12 or 
14 feet in the south-eastern basins, and dwindling on 
the Great Kenawha to 5 feet, and at Guyandotte to 
3 feet^ its superficial measurement amounts to about 
14,000 square miles; and if we include some detached 
basins, which indicate its former extent on the east, it 
would appear that the Pittsburg seam formerly (before 

* To gnard against misapprehension, it is weU to remember that it 
appears to be the local practice to name a seam by the thickness of the 
coal as roughly measnred in the driving of a cross cut ; and as the beds 
rise at yarious angles, the amount thus taken is generaUy much in 
excess of the true thickness. Thus Mr. Bogers states that the so-caUed 
" 39-foot vein" is reaUy 26 feet hoiisontaUy measured, and 15 feet 
measured in an European way, fairly across the seam ; and, after all, 
8 feet only are of saleable coal. 

t Near Pittsburg, above the P. seam of 10 feet, is the WayneBbory 
ooalj 6 feet, and below it 5 seams with about 22 feet of coal. 
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denudation) occupied a surface of no less than 34,000 
square, miles. 

Another observable feature of the upper series con- 
sists in the intercalation of bands of Umestone charged 
with marine fossils, and amounting sometimes, in the 
aggregate, to 150 feet thick. One bed especially, 
which overlies the Pittsburg coal, has been remarked 
to increase from 2 feet in the Cumberland basin to 
41 feet at Brownsville, and 54 feet at Wheeling. 

Tne aggregate thickness of coal contained in the 
measures, generally, of the Appalachian coal-field, is 
ftir less than that above given for the anthracite region. 
Even where the basin is deepest, and the seams are 15 
or 16 in number, it scarcely amounts to 40 feet; whence 
it is inferred by Eogers that, considering the great 
amount of denudation, we are hardly entitled to assume 
a higher general average for the whole field than 25 
feet 

The coal-trade of Pennsylvania may be said prac- 
tically to have commenced with the first shipment in 
1820, and the following numbers, given in the report 
of the Philadelphia Board of Trade, show the increase 
m quantity sent to market at intervals of ten years: — 

Year. Tons. 

1820 365 

1830 174,374 

1840 841,584 

1850 3,177,537 

1860 8,151,569 

For 1875 it is stated to have amounted to 20,973,805. 

2. Illinois and Indiana coalfield. — This is a somewhat 
oval tract, lying between a wide anticlinal exposure of 
Devonian and Silurian rocks on the east, and the saddle 
of carboniferous limestone of the Upper Mississippi on 
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the west, having a total area of some 51,000 square 
miles. 

Within this vast district, nearly as extensive as the 
Appalachian, many local distorbances and undulations 
affect the strata, and confine the available basins within 
limits which are not yet thoroughly explored. In 
western Kentucky, the productive coal-measures are 
estimated at 3,429 feet thick ; the lower series — includ- 
ing a hard sandstone, called the Anvil Kock, at the 
top — being 1,029 feet, with nine workable seams, and 
the upper group being 2,400 feet, with eight workable 
seams and numerous bands of limestone. An aggregate 
amount of 40 to 50 feet of coal has here been proved ; 
but since all explorers agree that there is a great 
amount of undulation bringing the older strata to the 
surface — the flexures running N.W. and S.E., or oppo- 
sitely to those of the Appalachian range — no satisfac- 
tory estimate of the average quantity of coal can yet be 
obtained. 

3. loTca^ Missouri^ and Arkansas, — In this enormous 
area, where upwards of 73,000 square miles are stated* 
to be occupied by coal-measures, we cannot but look 
upon the latter as being of a degraded type ; not only 
the stony strata, but the beds of coal also having 
greatly dwindled, both in number and thickness. Prof. 
SwaUow, reporting on the geology of Missouri, esti- 
mates the total sections of the coal-measures on that 
river at 650 feet; the upper portion containing thin 
beds of buff limestone, and no workable coal ; whilst 
the lower group, between Booneville and the mouth of 
the La Mine, includes six coal seams, two only of 
which, of 3 feet and 6 feet respectively, are workable. 

• EogerB, " Geology of Pexmsylvania," vol. \\- 
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Dr. Dale Owen, in reporting on Arkansas, mentions 
the occurrence of several seams of coal opened upon in 
diflferent counties for smiths* use ; but most of them 
are only a few inches thick; one alone, the Spadra 
seam, being 3 feet. They appear to be semi-anthracitic, 
and to be intercalated among the lower members of 
the formation ; viz., with the millstone-grit, and close 
down on the " Archimedes" limestone. Sundry out- 
lying deposits of coal and cannel promise to be of local 
value; but the contents of the field, as hitherto de- 
scribed, are so utterly disproportionate to the magnifi- 
cent show which it makes in a geological map, that in 
a comparison of the coal-measures of different countries, 
the mere statement of its area is of no value. 

4. Coal-Jield of Texas, — This extreme south-western 
district, estimated at 3,000 square miles in extent, will 
be looked upon by the geologist as originally an exten- 
sion of its larger neighbour in Arkansas. 

5. Michigan coal-Jield, — ^A very considerable extent of 
land, between Lakes Huron and Michigan, and esti- 
mated at 12,000 to 15,000 square miles, is occupied by 
a shallow basin of gently inclined or horizontal coal- 
measures. The foundation on which they rest appears 
to be carboniferous limestone ; frequently containing, 
as it does also in British North America, deposits of 
gypsum. It appears singular that the interior of this 
coal district is imperfectly known, and that as yet only a 
few points have been noticed where coal crops out. From 
these appearances it has been conjectured that but very 
few beds of workable coal — probably the very bottom of 
the series — exist here ; and a parallel is offered to the 
bad plight of the Irish coalfields, — robbed of their chief 
contents by Nature's great planing-tool of denudation. 
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It will excite no surprise that in a country of which 
the interior is so scantily peopled^ and the timber-land 
still so abundant, the coal-trade should be but of recent 
origin, and the quantity of fossil-fuel brought into the 
market from native mines very inferior to the yield of 
European countries, in proportion to the extent of the 
coal-rocks. It was only in 1820 that the first modest 
instalment of 365 tons of coal was sent from the mines 
of Pennsylvania ; and we have seen that, doubling itself 
sometimes in five, sometimes in ten years, the amount 
has increased to above ten millions of tons in 1864. 
The other coal-producing States lag far behind, as will 
be inferred from the following table, showing the pro- 
duce for the year ending June, 1864, and the pro- 
duce of the principal coal-bearing states for 1875 : — 

state. Tons (1864). Tons (1876). 

Bhode lal&nd 3,666 11,176 

Pexmsylyania 12,698,412 31,641,805 

Maryland 787,269 2,380,267 

Iowa ? 1,624,000 

Westem Virginia . . . 398,816 1,117,600 

Kentucky 91,036 381,000 

Missouri 66,187 762,000 

Ohio 1,324,686 4,416,199 

Indiana 146,787 812,800 

Illinois 926,293 3,666,000 

Michigan 16,296 12,192 

Minnesota 60,204 P 

Kansas 236 279,400 

California 44,938 168,768 

Washington Territory . . 7,764 90,322 

A small amount of lignite is included in these numhers. 

The total quantity of anthracite raised in 1875 is 
given at 20,984,000 tons. The statistics of the other 
coals are less trustworthy, but it is estimated that they 
swell the total to 47,433,215 tons for that year. 
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It is reported,* too, that "great looseness seems to 
exist in the compilation of figures involving large smns, 
as well as in the returns required to be made by the 
companies." Whence it is probable that, allowing 
for local consumption, &c., the amount raised in the 
States cannot be less tiian 50 millions of tons. 

Years ago the progress of the Pennsylvanian mines 
would have been much checked but for the duty placed 
upon the importation of foreign coals, which haa been 
varied from time to time, and is now 1 dollar 25 cents 
per ton of 28 bushels. The distance from the mines to 
the chief centres of population, along the sea-board, is 
from 80 to 120 miles, and the carriage appears to cost 
nearly as much as the value of the coal at the pit's 
mouth. The price at New York ranging in general 
from 22s. to 245. per ton, and occasionally (as in 1864) 
running up much higher, admits an importation into 
the States of above half a million tons annually. 

The great wealth in fossil-fuel of North America does 
not end with the true coalfields above described. In 
eastern Virginia, a tract some 26 miles long by 4 to 
12 miles wide, contains coal in the lower part of the 
Jurassic group (with fossils very similar to those of our 
Whitby beds in Yorkshire), and the main seam is stated 
to attain the thickness of 30 and even 40 feet of good 
bituminous coal. The measures form an irregular 
basin^ resting upon granitic rock, and the seams aro 
much disturbed, and subjected to thinning where they 
are closely superimposed upon their primary bed.f 

On the Pacific side of the continent, lignites of good 

* Reports from Her Majesty'B Secretaries of Embassy and Lega- 
tion, 1866. 

t This formation is now referred tb the Trias. 
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qualify, and often in seams of from 3 to 10 feet thick, 
make their appearance at divers localities. Thej appear 
to belong to the Cretaceous series ; to which age Dr. 
Hector has satisfactorily referred the lignites of the 
Saskatchewan Biver and of Vancouver's Island. 

The geologists and statistical writers of the United 
States have constructed diagrams and numerical tables, 
which get handed about from one book to another, and 
give, as I think, very erroneous ideas of the over- 
whelming importance of the American coalfields as 
compared with those of Europe. It may be true 
enough that a vast area of country is occupied by rocks 
of the carboniferous period, and a proclivity to big 
figures may be gratified by calculating the tens of 
thousands of square miles of extent ; but it should bo 
recollected that among the European coal-fields are 
several in which, as in Westphalia and Silesia, the 
greater part of the productive ground lies covered by a 
cloak of newer formations. The total area of coal- 
measures in the United States is given as 200,000 
square miles, whilst that of Bussia is set down as 100 
miles; and this simple "unit of measure" is then 
applied as a standard showing the littleness of all the 
European fields. But if the same method of calculation 
were applied to Bussia that has been acted on in Iowa and 
Missouri, and we were to take the length and breadth of 
the tracts over which coal-bearing rocks have been 
found to exist, and may be deemed continuous, that 
empire, instead of figuring as a petty unit, would 
run the States a hard race for mere extent of car- 
boniferous formation. 

On passing, then, to what is of more weight— the 
thiclyiess of workable coal— we are constrained to be* 

p 
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lievo, whilst fully recognising the colossal value of the 
Appalachian and of the Illinois and Indiana deposits, 
that the data for the estimation of the contents of the 
others are not yet satisfactory, and that the progress- 
of exploration in such vast tracts will show many an 
element for subtraction. 



CHAPTER IX. 

COALFIELDS OF ASIA AND OF THE SOUTHERN HEMISPHERE. 

On turning our gaze eastward from Mediterranean 
Europe to the Levant, we may observe the continuation 
of similar characters in the rare occurrence of true 
carboniferous strata, and in the frequent exhibitions 
of lignites of cretaceous or of tertiary age. The only 
remarkable instance of the former which we know in 
Western Asia is the coalfield of Eregli on the south 
Dhore of the Black Sea, a district which was urged 
into some little activity during the Crimean war, but 
which appears to have so far sunk back again into 
the old sleepy state of ill-management as not even to 
supply the limited requirements of Constantinople and 
the other towns bordering on the Euxine. Every now 
and then the disclosure of something black cropping 
out on hill or river side leads to the publication of a 
paragraph which makes the round of the European 
newspaj)ers, and tells of the discovery of a new " coal- 
mine," generally of " inexhaustible extent," and " quality 
equal to the best Newcastle coal." It turns out to be an 
instance of the patchy distribution of the lignites, 
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which have seldom been good enough to command 
serious attention; although in one case, in the Lebanon, 
considerable workings were carried on for this article 
during the occupation of Syria by Ibrahim Pasha. 

In India, large tracts of land, especially known 
about the Upper Damoodah and in Burdwan, are 
occupied by a coal-formation which, besides its extent, 
is notable for veiy peculiar geological features. The 
active missionaries, Messrs. Hislop and Hunter, 
described to the Geological Society of London, in 1855, 
the occurrence of plants in the coal-bearing sandstones, 
some of them of genera which might be taken as 
common to the coal-measures of Europe, but others, 
such as Zamites, TaBuiopteris, Glossopteris,yertebraria, 
and Trizygia, which indicate a Jurassic age. Some of 
these bear a close resemblance to the contents of our 
Oolitic coal-beds of North Yorkshire, and to those ol 
Virginia, and the parallel is rendered stronger by the 
presence of remains of Lepidotus and ^chmodus, Ju- 
rassic fish^ in the Kotd shales, which appear to belong 
to the same series as the Nagpur plant-bearing beds. 

Messrs. Blanford and others of the geological staff 
imder Professor Oldham, have been working out the 
relations of these Eastern coalfields; they divide the 
coal-bearing strata of Bengal into the Barakar, or 
lower Damoodah, the Ironstone shales, and the Bani- 
ganj beds, ascribing them to the upper palaeozoic period, 
and the overlying Panchet group to the Trias.* 

Farther to the north-east, the ingenious and closely- 
packed natives of China and Japan discovered at a 
very early period the value of the fossil fuel which in 
both countries exists in large quantity. Writing of 

* Coal raised in all India for 1868, 547,971 tons, an amount, according 
to Mr. W. Blanford, F.B.S., not much exceeded ten years later. 

F 2 
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the northern part of China, Marco Polo stated, in 
describing his travels between 1270 and 1290, " Through 
the whole province of Catiiay, certain black stones are 
dug out of the mountains, which put into the fire, 
burn like wood, and, being kindled, preserve fire a long 
time ; and if they be kindled in the evening, they keep 
fire all the night ; and many use these stones because 
that though they have plenty of wood, yet there is such 
frequent use of stoves and baths, that the wood could 
not serve." 

There appears to be no doubt that several large and 
rich fields, producing coals of good quality, exist in 
China ; but we have obtained hitherto only meagre and 
fragmentary aocoTmts of Bome of them from travellers 
unprepared with technical knowledge. On the upper 
waters of the Yang-tse-kiang coal seams crop out to 
the surface over a very large area, and are worked on a 
small scale by levels driven into the hills. 

In the prefecture of King-hua, W.S.W. of Ningpo, 
and near the town of E-u, coal-pits are described by 
the Rev. E. Cobbold, which have been opened upon 
seams of a bright non-bituminous coal. The mines are 
from 300 to 500 feet deep, sunk in lifts of 40 to 
50 feet at a time, and having the mineral raised by 
successive windlasses at the intermediate stages. * 

Notwithstandiug the facilities of water carriage 
existing throughout a great part of China, it is manifest 
that great improvements must take place in the mining 
operations before these stores of mineral fuel can be 
made fully available for manufacturing and for the 
requirements of the steam navigation of the Eastern seas. 

A certain amount of prejudice, derived no doubt 

• Part of the province Schanai, over an area of 1,600 square (Jerman 
miles, is described by Von HichthoYen as an anthracite field, with 
iSeams 12 to 30 ft., mostly horizontal. V. also PumpeUy's Travels. 
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from negative eyidence, disinclines us to believe in tlie 
existence of carboniferous formations within the tropics, 
and the discoveries of coaly substances hitherto made 
in the warmer regions of the earth have generally 
tended only to show that beds of lignitic matter were 
formed even in these latitudes amid some of the later 
formations, whilst the true carboniferous rocks have 
not yet been traced within many degrees of the equator. 
A great local value may attach to these coaly lignites 
of superior quality when workable in certain situations 
accessible to steam vessels, as at Labuan and elsewhere 
in Borneo,* and even on the banks of the Zambesi 

On arriving at the southern latitude of Sydney, in 
Australia, we meet again a great development of thft 
carboniferous system, exercising already a considerable 
influence on the fortunes of our rapidly growing 
colonies. Since the systematic description of the coal- 
bearing beds of this region by Count de Strzelecki, in 
1845, numerous observations upon them have been 
contributed by Mr. Beete Jukes, the Eev. W. B. Clarke, 
Mr. Selwyn, and Mr. W. Keene, which leave no doubt 
as to the palsBOzoic character of the lower part of a 
great conformable series of strata, although the upper 
portion presents anomalies reminding us much more 
of the Indian coalfields than of anything which we 
possess in Europe. 

Mr. Clarke proposes the following general divisions—* 



■a 



1. Wianamatta shales, 700 to 800 ft. thick/ 

2. Hawkesbury Eocks, or Sydney Sand- | Upper carhoniferous, 

stone, 800 to 1,000 ft. thick, 

3. Upper coal measures, with the ooal-seams 

of Newcastle, &c., 5,000 ft. thick, 

«. Lower carboniferous rocks, 8,000 ft. thick. 



or Permian (Dana), 
Jurassic (McGoy]< 



• See Quart. Jour. Geol. Soc, vol. iv,, p. 96, and vol. ix., p. 64. 
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'BoLe presence, along with the coal seams, of such plants 
as two species of Glosscpteris, Cyclcpteris anfftisth/oliaj 
imd certain species of Sphmopteris and Phyllotheca, 
gives a parallel to the fossils of. strata more recent than 
the European carboniferons, bnt there is at present a 
difficulty in drawing a line of demarcation between 
the groups No. 3 and No. 4, whilst in the latter both 
plants and shells of the carboniferous and devonian 
series are abundant 

Mr. Eeene, the Government Examiner of Coalfields, 
states that he recognises eleven distinct seajuB, which are 
more or less worked. Several of these are from 4 to 6 feet 
thick. The Wallsend seam, worked between Minmi and 
Newcastle is 9 feet of good coal ; that of the Agricultural 
Company's Bore-hole Colliery is 9 feet; and one which 
crops out near Stroud, on the same company^s lands, 
is as much as 30 feet, including sundry partings of 
shale and fire-clay. On the Hunter river, for a distance 
of fifteen miles up from Newcastle, several considerable 
collieries are worked, and even thirty miles farther 
north, at Bix's creek, near Singleton, a good seam has 
been opened upon. South of Sydney, about sixty 
miles^ at Bellambi and Wollongong, shipments are 
made of the coal obtained from workings on the out- 
crops of seams of very regular persistence in thickness. 

The products of the Australian collieries are various 
in character, smith's, household, and gas-coal being 
obtained from different pits, and a large amount of 
steam coal of very serviceable quality being regularly 
supplied to sea-going vessels. Several beds of bi- 
tuminous shale and cannel, which occur, chiefly in the 
division No. 3, have recently attracted much attention 
as sources of rock oil. Imitating the mother country 
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uot only in the names of its seams and mining localities, 
New South Wales has opened out a considerable foreign 
trade, and shipments of coal have long been made to 
China, India, and even to the ports of California.* 

It is not our object in this chapter to do more than 
invite attention to a few among the coal-bearing forma- 
tions of parts of the world distant from Europe, which 
appear to promise iuture importance. We need not 
refer, except in passing, to those minor deposits of 
lignite or of true coal which undoubtedlj may be 
developed and acquire a local value, although unable to 
weigh much in the coal trade of the world. Tasmania 
and New Zealand come under this category, and some 
of the lignites of the latter country stand high for 
quality. 

Turning farther westward, we find that coal-beds 
exist in the Falkland Islands, and that South America 
promises great results— of but little value at present, 
whilst her population is sparse and her forest lands of 
enormous extent. Very interesting, however, is the 
coalfield of Santa F£ de Bogota, in New Granada, the 
fossils of which prove it to be of cretaceous age. Mr. 
David Forbes has pointed out the existence of true 
carboniferous rocks near the mountain lake of Titicaca, 
situated no less than 12,600 feet above the sea ; and 
within the last few years successive notifications have 
been made of important areas of true coal in various 
parts of the flourishing empire of Brazil. 

* The coal raised in N. S. Wales in 1876 was 1,319,918 tons, of 
which more than hal4was exported. 
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CHAPTER X. 

SEARCH FOR COAL; BORING; AND SINKING OF SHAFTS. 

A VALUABLE amount of light may be throvm upon the 
character of a coal district by surfece researches, unac- 
companied by the breaking of the ground. Qaarries, 
roads, protruding rocks, sea-cliffs, ploughed fields, and 
water-courses, will all yield to an experienced eye their 
quantum of information. Even when, as in parts of 
Lancashire, the general surface is occupied by a thick 
cover of clay, gravel, &c. (the drifC)^ good facts may be 
gleaned in the channels and banks of the brooks which 
have cut their way down to the harder rock. Now and 
then a very complete view of the raised edges of a 
whole series of strata may be seen ; as in the clifiy 
shores of the Bay of Fundy, Nova Scotia, and of 
Cape Breton ; whence we have sections, measured by 
Sir William Logan and Mr. R Brown, embracing 
thousands of feet of strata. Li the county of Carlow, 
belaud, in South Wales, and in the North of England, 
there are frequent opportunities of thus obtaining a 
measurable profile of some of the lower coal-measures. 
In this kind of search we must learn to avoid being 
deceived by vain resemblances. Especially dangerous 
is it to trust to mere outward likeness in the shales or 
" metals" to those of the coal series : such may belong 
to the Silurian, to the Lias, or to other formations. 
If true carboniferous shales, we ought to be able to 
find in them some of the fossils proper to the period, 
before pronouncing on them. Still more irrelevant 
is it to form conclusions on the presence of coal- 
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measures because the surface is covered with a cold 
clay, or because you have limestone on one side of 
your field of action, or because ironstones have been 
found about the place. Each of these circumstances 
may he true of a coalfield, but is not necessarily so : each 
may also be true of many other fbrmations, and would 
require corroboration by other characters. The pre- 
sence of a spring of water depositing ochreous oxide 
of iron is often noticeable near the out-crop of a coal- 
seam, but the mineralogist will recollect that, since 
this appearance is derived simply from the decompo- 
sition of iron pyrites, it may occur in many other 
classes of rock in which that common mineral has been 
accumulated. Not even the underclay, with its matted, 
carbonised roots, is sufficient evidence of the nearness 
of a bed of coal, for such a material has sometimes been 
deposited, and either the conditions for the abundant 
growth of the coal-plants have not supervened, or tho 
coal may have been formed, and subsequently been 
removed by natural denudatory action. 

In these cases, a pick and shovel may sometimes 
lend useful aid ; but more commonly it becomes ad- 
visable to resort to "boring," either for the actual 
testing of a particular spot, or for filling up the gaps 
between portions which may be tolerably well deter- 
mined at the surface. 

This subject has been already treated in one of the 
Rudimentary Treatises by Mr. Swindell, and we shall 
therefore touch on it but briefly 

The ordinary mode of boring through the alternating 
rocks overlaying or forming a coalfield is by means 
of a steeled chisel, or hi% of various form, screwed to 
rods of the best bar-iron, about an inch thick, screw- 

JT 3 
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jointed at intervals of from 6 to 18 feet At the spot 
selected for thQ bore-hole, it is usual either to erect a 
wooden-staging, or to sink a preliminary pit to a few 
feet or yards in depth, so that a greater length of rods 
may be drawn at once, and part of the tedious delay of 
screwing and unscrewing may be avoided. To aid in 
this object, top, a tall triangle, derrick, or shear-legs, 
with sheave, should be erected; within which the rods 
may be drawn and lowered by the agency of a windlass. 
In order to lift the rods and cutter a few inches for 
each stroke or blow, either a spring-pole may be used, 
fastened down at the but-end, and with the rods' sus- 
pended at the thin extremity; or a windlass, round 
which a rope coming from the rods is passed with 
two or three turns, whilst a man holds the " slack," 
and when the cutter is raised to a sufficient height by 
the men at the windlass, slips the rope to allow the 
rod to fall. Meanwhile a rotatory motion is given to 
the rods at each stroke by the master borer and his 
assistant, holding a cross-bar which clutches the upper 
rods a little above the surface. The chisel thus at each 
blow cuts the ground in a fresh position, and when this 
action has been continued long enough, the rods are 
withdrawn, by unscrewing length after length, and the 
^^ sludger,*' an iron tube of 6 feet long, with a valve in 
the bottom, is lowered by a rope, and being dropped 
heavily several times to the bottom of the hole, soon 
gets filled with debris^ which being then brought to 
the top are carefully examined, whilst the rods are 
again lowered, to go on with the pounding action. 

In order to reduce the time and expense of this 
mode of boring, tie Chinese system of boring by a 
rope instead of rigid rods, has been a good deal 
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employed of late years ; but it is open to the objection 
of sometimes making the hole untrue, and more often 
of .ending in the catastrophe of a broken rope, and of 
the heavy iron cylindrical cutting-tool remaining at the 
bottom of the bore-hole. 

Exploring bore-holes are generally from 3 to 5 inches 
diameter, and may be guarded against many of the 
accidents to which they are liable, by being lined with 
pipes of sheet-iron, added on from above as the hole 
increases in depth. 

When larger diameters are to be employed, and 
greater depths than 300 or 400 feet attained, the 
serious difficulties which supervene are met by various 
contrivances, such as the hollow rods first successfully 
used by CEynhausen, wooden rods with iron connections, 
the free-falling cutter first devised by Kind, &c. ; but a& 
these relate chiefly to the boring of Artesian wells for 
water or for brine, we need but mention them here. 

We may, however, cite as, perhaps, the most remark- 
able borehole yet accomplished, one which has not long 
since been completed by Herr Kind, for exploring pur- 
poses in the coalfield of Oreusot, in France, to the depth 
of 920 metres, or 3,017 feet English. 

Steam-power has for these purposes been largely 
employed of late years. Messrs. Mather and Piatt 
have made remarkable borings by their ingenious 
cutter worked with a flat wire rope ; and several patents 
have been taken out in England and Scotland for 
different means of applying this more economical 
power, whilst Messrs. Kind, D6gousee, and Mulot have 
severally availed themselves of it in their great works 
in Germany, France, and Belgium. 

At some mines a set of boring-rods is specially kept 
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for exploratory work, and for occasional operations to 
assist the working of the mines ; whilst in many of our 
districts the work is performed under contract, by 
borers who devote themselves to this particular task. 
The tariff for boring at Newcastle was, in 1854, 

for the first five fathoms Is. 6rf. per fathom. 
„ second „ 155. Orf. „ 

„ third „ £1 2^. &(L „ 

and so on ; irrespective of charges for carriage, fixing 
apparatus, and boring through rocks of unusual hard- 
ness, as whin^ &c. For deeper bore-holes, Le,j from 
1,000 to 2,000 feet, it is difficult to give an approxi- 
mate idea of the expense ; but thousands of pounds 
are soon involved, and cases might be quoted of such 
operations in this country where the cost has been 
at the end no less than £9 and even £12 per foot I 

A patent was taken out in 1844 by Beart, and a 
similar plan practised by Fauvelle in France, for 
hastening the work by employing a tube as the boring- 
rod. Down this tube a stream of water was made to 
flow, in sufficient volume to carry off and bring up; 
round the circumference of the bore-hole, the dibris 
made by the cutting-tool. 

The. abrading power of diamonds set in a steel ring 
and at the end of a tube rapidly rotated, as suggested 
by M. Leschot about 1866, has been largely adopted 
for bore-holes of from 500 to 2,000 feet deep. 

A great advantage which boring possesses over the 
ordinary sinking of a shaft is that the operation can be 
carried on without the necessity of pumping out the 
water. In order to combine this source of economy 
with the mode of gaining personal access to the coal, 
shafts from 3 to 15 feet diameter have in Westphalia 
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been sunk by gigantic boring apparatus ; successfallj, 
so far as related to the total cost^ and forming a process 
applicable with great advantage if only a suitable lining 
or tubbing can be inserted, and a water-tight junction 
effected below the points of influx of water. (See 
p. 119.) 

The shafts by which all collieries are opened and 
worked, except the few which in hilly districts have 
the advantage of free drainage, are generally circular 
in England, though many elliptical and a few rectangular 
ones may be seen in South Wales, and the latter form 
is common on the Continent. In Belgium a polygon 
of 10, 12, or even 16 sides is a frequent form, and 
is adopted, like our circular ones, for the better resist- 
ance, by aid of the special kind of lining employed, 
to the pressure exerted upon it from the rock around. 

A very few only can now be seen of the little old 
pits, like draw-wells, of 4^ feet in diameter ; and 
whilst for ordinary purposes they are now commonly 
8 or 10 feet diameter in the clear, they attain when 
intended for an important upcast, or for a large get of 
coal, to as much as 16 or even 20 feet diameter.* 

The actual sinking, when in ordinary coal-measures, 
is effected by the heavy pick, called a hack^ by hammers 
and wedges, and by blasting with powder ; whilst the 
broken ground is raised to the surface at first by a 
common windlass or jack-roll ; then, as the work gets 
deeper, by a gin or horse-whim, and afterwards by a 
steam-engine, often a temporary one only, to be 
replaced, when the pit is down, by the regular winding- 
engine. 

But when the measures are covered by other and 

* Elliptical pits have been sunk in South Wales and at Ghatclinauxy 
in Belgium, as much as 20 and 22 feet in length. 
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more absorbent strata, saturated with water, the mtt* 
ning of a colliery becomes a most serious undertaking, 
tasking the energies of the best men, and sometimes 
collapsing after a ruinous outlay. 

Examples of these difficulties are afforded by surface 
beds of sand and gravel, by the well-known red sand 
under the magnesian limestone, through which so 
many of the North-country pits have been sunk, and 
by the terrains morts encountered by the colliers of 
Mons and Valenciennes. 

As long as the coal seams are accessible at small 
depths, managers are liberal in the use of shafts ; 
indeed there are districts where the great number of 
old shallow pits are a positive nuisance to the modern 
workers. But as expenses increase with depth, it 
becomes an object to work a larger area from one 
establishment of pits, and for this purpose it is worth 
while to improve ventilation and the underground 
carriage, so that shafts at ftequent intervals shall not 
be needed. Even when flying along in a railway train 
you may remark the difference; how in parts of 
Staffordshire you will see the ground riddled with 
crowds of pits, whilst in Durham and Northumberland 
a single "plant" of pits and engines will work the 
ground for a mile or two on each side. 

The cost in extreme cases being some £60,000 for a 
pit of near upon 300 fathoms in depth, and being stated 
once or twice to have amounted to near £100,000, 
there is a great temptation to make this one suffice ; 
and by means of brattices or divisions (of wood, or brick, 
or stone), wonderfully good mining has been done in 
the Northern coalfield with a single shaft But since 
the sad catastrophe at Hartley, which resulted from a 



LINING OF SHAFTS. Ill 

concatenation of omissions and misfortunes, an Act of 
Parliament requires that where there is no second outlet 
another shaft shall within a limited period be sunk. 
Many of the larger works, however, are able to apply 
a special shaft to the ventilation as an upcast, whilst at 
others coal will be drawn, and at one of them the 
pumps worked. 

When the measures through which the pit is sunk 
consist of stony rock, they are often allowed to stand 
open, but when shales preponderate, and in all cases 
where much traffic is carried on, the pit would become 
a dangerous thoroughfare, and has to be walled with 
brick or stone, to which in some cases, as against 
the influx of water, wood or cast iron may be preferred. 

In fragile ground the commencement is to secure the 
shaft by temporary timber. Curbs or cribs^ rings formed 
of segments of wood, are prepared, to fit the dimensions 
of the shaft ; and, having their joints in the direction 
of the radii of the circle, wiU when 4, 5, or 6 inches 
square, resist a heavy pressure from the sides. They 
are supported at intervals generally of about 3 feet, 
by a few upright props, and are, as it were, hung to- 
gether by thin planks, termed stringing deals^ which are 
nailed against them, whilst the whole structure may 
be temporarily suspended, if need be, by attaching 
it to a couple of stout balks laid across the top of 
the shaft. Behind the cribs a backing is formed by 
driving down planks of some 6 feet long, close together 
in bad ground, or at small intervals in favourable rock. 
When a firm foundation of stone or bind has been 
reached, a bed is prepared with hacks or chisels to 
receive a broader curb of either wood or cast iron, and on 
this a wall of brick-work is built up to the surface^ or 
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above it when tip-room ia reqnired. The pit ia then 
recommenced, of Bmaller diameter at first, afterwards 
opened to ita fonner dimen- 
eions, and at a auitahle place 
a fresh length of walling ia 
begnn, and carried upwards 
till by careful adjustment it 
is made to coincide with the 
npper length and to join up 
to its curb. In some few 
cases, where soil material 
has to be passed through, 
the waUing has been built 
at the surface, held together 
-~ with tie-rods or clamping 
bars, and gradnally sunk 
downwards by cantionsly re- 
moving the ground from 
beneatJi the curbs upon which 
it is constructed. Butwhere 
actual quicksand occupies 
the surface, various other 
contrivances have to be em- 
ployed. The method of jDi'ftw^ 
is to drive down iron-shod 
3-indi battens of I2orl4 feet 
in length, supported by curbs, and forming a circle as 
much larger than the ultimate size of the shaft as to 
leave room for HucceBsive inner circles of piles down 
to the depth at which solid ground is expected to be 
fonnd. The sand is of course excavated in proportion 
as it is practicable to drive down the piles ; and at 
length, when a firm foundation is reached, a broad 




LINING OF SHAFTS. 113 

curb is laid, and the walling bnilt up in the midst, 
whilst the space around it is careftdly filled np and 
packed closely. 

To obviate the expense and delays of this system 
iron cylinders have been in some cases sunk by 
pressure ; but this again, from the difficulty of keeping 
them vertical, and (if they be intended as the 
permanent lining of the shaft) from the obstacles to 
making a water-tight joint with the solid ground at 
the bottom, is a very troublesome process. In order to 
accomplish the latter object, M. Triger, in the year 
1845, introduced in France the ingenious idea of 
keeping out the water by forcing down compressed air. 
He formed, by means of a flooring in the tube, a lower 
air-tight compartment, in which he found it feasible to 
work under a pressure of as much as 3^ atmospheres, 
obtained by air-pumps driven by a steam engine, and 
by this means succeeded in establishing his water-tight 
joint at depths of 60 and even 82 feet For the more 
convenient working of this method a second chamber 
was formed above his lower working one, which had 
a trap-door communicating with the shaft above, and 
another opening into the chamber below ; and one of 
these doors being always closed whilst the other was 
opened, the excavated material could be drawn up 
without any serious loss of the compressed air. A 
stand-pipe, passing from the surface down into the 
bottom of the working, afforded a ready means for the 
water to rise in a constant stream. Triger's method 
has been applied with success in several shafts in the 
valley of the Loire, and more recently at some difficult 
sinkings in Belgium and Westphalia. 

One of the most important benefits conferred on 
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coal mining has been the introduction of tuhUrvg of 
shafts {cuvelcLge^ Fr.) largely practised in the North of 
England, and on a somewhat different method in 
Belgium, Northern France, and Westphalia. When- 
ever large springs or feeders of water occur in the 
sinking of the pit, and a series of water-tight measures 
intervenes between the watery beds above and the seam 
of coal beneath, it is possible by this means to keep 
out the whole or nearly all of the water, and thus to 
relieve the mine of a constant and sometimes ruinous 
water-charge. 

Towards the close of the last century several of the 
shafts near Newcastle were thus fitted with plank- 
tMing. At a small distance below the watery strata, 
a bed was carefully cut and dressed to receive a wedging- 
curb of oak, between the segments of which thin deals 
were placed edge- ways ; the joints were then wedged 
with wedges of seasoned fir introduced by means of a 
flat chisel, and the space between the curb and the 
stone at the back was similarly driven full of wedges. 
Lighter rings of wood, the spiking curbs^ were then 
placed at intervals of 18 inches to 3 feet, according to 
the pressure, and to these were fixed by iron spikes 
planks of 2^ or 3 inches thick, bevelled to suit the 
sweep of the shaft, and the whole structure was thus 
carried up to a point above the watery strata, and there 
capped by another well-wedged curb. Thus the water 
was prevented from entering the pit, and a pressure of 
as much as 100 lbs. to the square inch could be resisted. 

The corrosion of the spikes, and the consequent 
serious leakages, have caused the abandonment of 
this first method. 

Soon afterwards the solid ivood tubbing was tried, 
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which is now largely practised in the polygonal pits of 
the Belgian and French collieries. A wedging curb, 
tromse picoUe^ is, as before, placed on a carefully 
smoothed bed, and sometimes superposed on a narrower 
one called the trousse colletSe; thin slit deals are placed 
between all the joints, moss or oakum is packed in at 
the back, and by wedging, as long as a chisel can be 
made to enter, all the joints are made tight, and the 
space at the back crammed full with thousands of 
wedges — at first of a broad flat shape, and afterwards 
narrow pointed ones. The tubbing itself consists of 
blocks of good oak or elm, with the joints well planed 
to fit, and lined with sheeting deal for farther wedging. 
In the polygonal pits the vertical joints are made to 
coincide, the horizontal ones are irregular. As before 
described, the length of tubbing is carried up past the 
watery ground, and capped by another wedging curb, 
or joined to an upper length of simUar work. A 
tubbing of this kind has the advantage of resisting 
the action of corrosive water, and when well executed, 
withstands a pressure of two or three hundred pounds 
to the inch. At Carling, in the Department* of the 
Moselle, a pit has lately been sunk by M. Pougnet, to 
work seams at 230 and 280 metres depth, and it has 
been tubbed in the manner above described, for a 
length of no less than 160 metres, or 524 English feet. 
The forcing down of cast iron cylinders has in many 
cases been successful ; but when the diameter is large, 
and the tubbing needed at some depth in the shaft, 
they have been cast in segments, having flanges towards 
the inside of the pit by which they were bolted together. 
This variety has now become almost obsolete since the 
introduction of the modem method, but is nevertheless 

* This is within the district recently ceded to Prussia. 
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capable of doing good service, especially in going down 
through alluvial matter at the surface. My friend, 
the late Mr. Fletcher, M.P., F.RS., by this means 
carried a shaft successfully through sixty feet of coarse 
gravel and boulders, full of water, in the valley of the 
Derwent, between Workington and Oockermouth. This 
shaft is 12 feet diameter in the clear ; the lower ring 
of 18 inches high was sharp-edged below, and above 
this only the vertical joints were bolted, the horizontal 
ones left free to a little play. The exterior of this 
tubbing is of course flush, to facilitate its passage 
downwards, and the joints lined with sheeting deal to 
make them tight. 

The great facility of dealing with cast iron, or metal 
in any desired pattern, has led to the special advance- 
ment of this variety of tubbing in England. The 
commencement is very similar to what has already been 
described. One, two, or three wedging curbs, according 
to the pressure expected, in segments of cast iron, are 
laid and wedged with the greatest care, since perfect 
tightness here is of the utmost importance. Upon the 
upper one the plates or segments of tubbing are built 
up, sheathing of pitch pine, f or i inch thick, being 
inserted between all the contact surfaces, and the 
vertical joints broken, as in stone work. The plates 
are from | to 1^ inches thick, and between 3 feet and 
12 inches in height, according to the amount of 
pressure to which they will bo exposed. They are 
smooth towards the inside of the shaft, but strengthened 
on the outside by flanges and cross-ribs, supported by 
brackets. Before being placed, they should be tested 
for soundness by being smartly struck all over with a 
moderately heavy hammer. Every segment has a 
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hole in the middle, through which the water may escape 
until the whole etrncture is prepared. The vertical 
joints are meantime wedged, but the horizontal ones, 
for fear of lifting the plates, wait mitil a sufficient 
height of segments has been built ap,and is snrmonnted 
by another wedging curb. Then, beginning at the 
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bottom, oaken pings are driven into the centre holes 
aa the water rises behind the plates, and the wedging 
of the joints is completed. The air or gas must be 
tiUowed to escape freely above the water, and caotion 
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therefore is exercised in not plugging too rapidly. 
Should any aeriform fluid thus be imprisoned it will 
be apt to burst a plate or blow out the sheathing ; and 
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Fig. 14. CaBt-iron tabbing plate, elevation and cross section. 

in order to relieve the pressure, a pipe is sometimes 
fixed from the upper ring of plates to the next length 
of tubbing above, and again from that to a higher 
part of the pit. 

One of the most remarkable instances of tubbing is 
that of the Shireoaks Colliery, recently opened by the 
late Duke of Newcastle. The pits are 515 yards deep 
to the " top hard " seam, 12 feet diameter, and the tub- 
bing in 11 lengths, extends for a total depth of 170 
yards, and weighs about 600 tons in each pit. My friend, 
Mr. C. Tylden Wright, under whose supervision it was 
completed, informs me that the pressure at the bottom 
was about 196 lbs. per square inch, and that the cost of 
the lower and stronger part was as fbllows, per yard : — 

126 cwts. of cast ironat 7«. • . . 44 2 

Fixing ditto 3 

Wedging, about 3 

Laying rings (about 10 yards apart) • . 10 

£6Cr2 
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In order to give a vent to air and gas, taps and pipes 
are applied, communicating from behind the tubbing 
to the surface, through which a large volume of water 
is now discharged; and by the final completion 
of the work in 1858, heavy feeders of water, which 
during the sinking yielded as much as 600 gallons or 
2J tons of water per minute in the two pits, have been 
thoroughly excluded. 

Cast iron is so subject to destruction by the corroding 
action of the water, and of the smoke and gases from 
the ventilating furnaces, that many schemes have been 
tried for its preservation ; a close lining of brick answers 
well, but makes it difficult to get at and wedge up a 
leak or replace a faulty plate ; a coating of paint or 
tar, and a lining with wood (3-inch brick-work at 
Shireoak) are more or less efficacious. 

M. Chaudron, a Belgian, has succeeded in tubbing 
pits by a method which is proved in watery ground to 
offer great economy. The shaft is bored by Kind's 
apparatus, and the cast-iron tubbing lowered when the 
boring is done. The bottom ring of the tubbing has 
a sliding case, in which is placed a quantity of moss or 
oakum, which when the whole length of the tubbing 
comes to rest on the water-tight bed cut for it by the 
borer (under water) gets so packed as to form a tight 
joint. The water is then pumped out, and the pit is 
ready for wedging and completion. At the colliery of 
Peronnes, where the watery strata extended from 141 
to 344 feet deep, the pit was tubbed at one-fourth the 
usual cost.* 

In Westphalia much attention has been given to 
tubbing with stone set in hydraulic cement, but although 
applicable in some cases, this method is comparatively 

* A fuU account of new examples of the successfdl application of 
fina method was given hj the author, in the Trans. North. Inst. 1871* 



120 COAL AND OOAL-HnONG 

clumsy when a heavy pressure has to be met, and tho 
cement is liable to destruction in furnace shafts. The 
first outlay for a substantial tubbing, whatever be the 
material, is no doubt ver}' serious, but the great 
advantages to be gained when it can be suitably applied 
are such as to meike it desirable to extend the practice 
more generally. It is not only a benefit to the mine 
in relieving it of a heavy and constant charge, and oi 
the interruptions and accidents inseparable from the 
use of large pumping apparatus, but it is an advantage 
to all the dwellers round, and may thus interest the 
general public, as retaining the waters in their natural 
channels, and thus obviating that destruction of springs, 
which is often charged upon the miner as a heinous 
offence by other members of the community. 



CHAPTER XI. 

DRIVINa OP LEVELS AND CUTTINa THE COAL. 

The preparatory work of a colliery is far from bemg 
completed when the shaft has reached the bottom of 
tlie soam. It would be ruin, especially in deep work- 
ings, to attempt at once to extract coal in any quantity, 
for tho weakening of the ground by its removal would 
not only tend to bring in or destroy the pit, but would 
crush tho roads which should remain open as thorough- 
fares for tlie working of the distant parts of the 
" royalty" or field of operations. 

In tho first place, then, a large mass of coal should 
b« loft unwrought around the pit as a shq/i-pillar, 
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liaving only the narrow drifts cat through it^ which 
are to be employed as roads and as channels for air 
and water. Next, the levels or drifts for these purposes 
are to be driven out in the directions required by the 
lie or position of the strata. Where the beds have a 
definite dip in one direction, the working pits are 
usually placed as far towards the deep as it is con- 
venient to go, so that, underground, the coal may be 
brought down hill to the pit-bottom. But as the 
workings advance, it may after a time be convenient, 
instead of sinking fresh pits farther to the deep, to 
sink the existing pits deeper, and drive out cross-cuts, 
or to work down-hill and bring the coal upwards by 
engine power. 

The annexed figure represents in section the valuable 
upper seams of the Flintshire coalfield, where they dip 
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Fig. 16. Seofcioa of ooal seams at BagUlt— leo yards to fhe inoh. 
S, 6, and 3 are the two, five, and three-yard ooals respectiYely. 
D and 4 F are the Darbog and frar-foot seams. 

beneath the estuary of the Dee. The pits at Top Hill 
have cross-cuts driven through the measures ; the pitp 

G 
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nearer to the marshes have down-nill drifts carried in 
the inclination of the seams. 

Should the strata lie in a trough^ the pits may 
advantageously be placed in its middle line^ so as to 
command the coal on both sides. 

In those few districts where coal still remains to be 
got by " free drainage," the workings will be started 
much the same as from the pit-bottom, the levels being 
driven at once into the hill-side ; but the arrangement 
is usually a defective one for quantity, as not allowing 
so readily of extension in each direction. 

One of the most serious questions to be solved by 
the coal-viewer in the very outset is the system by 
which he means to work his mineral ; and in order to 
form a judgment upon this head, it is important that 
he should not only be acquainted with the various 
modes in use elsewhere, but should have acquired a 
knowledge of the peculiarities of the seams in his own 
district. The first step must be nearly the same in all 
cases, although it may be so much the simpler as the 
colliery is shallower, smaller, and not required to stand 
open for so many years. This step is the opening for- 
ward of the levels, drifts, or way-gates, which are the 
pioneers of the excavations, and must precede, at least 
to some extent, the removal of coal on any large scale. 
Oiey are, in fact, generally characterised as narrow, or 
dead work, in contradistinction to the wider working 
places which follow, and which alone are expected to be 
remunerative. 

Is the proprietary well provided with capital, the 
extent of area not very great, and the ground firm, the 
levels may be driven to the boundary of the royalty, 
and the coal worked back towards the shaft, leaving 
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the dangerous spaces from which the coal is extracted 
(the fcaste or ffoqf) behind, entirely done with. But if 
the opposite conditions hold good, coal must be got as 
soon as the levels have advanced sufficiently far beyond 
the shaft-pillar. 

If the water is to be mechanically raised from the 
workings, the pit will have to be sunk to some little 
depth beneath the seam, fbr a sumpj in which the 
drainage may collect; and it is well, in addition, to 
open out, on the deep of the intended roads, sufficient 
excavation to serve as a pound, or standage^ for water, 
where it may accumulate for a few days in case of 
breakage of machinery. 

A level cannot be driven singly, unless divided into 
two parts for the in -going and out-coming currents of 
air ; and hence it is usual to prefer to drive two parallel 
ways, with a rib of from 6 to 10 yards thickness between 
them, cut through at intervals as required fbr the ven- 
tilation. The lower of these is the drain, or water-gate ; 
the upper, the main road, roUey-way, or way-gate; 
whilst in extensive collieries a third is usually added, 
for more efficient ventilating arrangements. 

In coal seams of moderate thickness, these leading 
drifts will be carried between the floor and roof of the 
seam, and of such a width as is most consistent with 
their security, commonly from 6 to 10 feet. If the 
seam be thicker than 6 or 8 feet, it is usual to leave 
a part of it overhead as roof; if, on the other hand, it 
be too low for convenience as a horse-road, either some 
of the roof must be ripped down, or a sufficient depth 
dug up from the thill or floor. Few of the roads, 
however, comparatively speaking, will stand long 

exposed to the pressure from all sides, and to the 

a 2 
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searer to the marshes have down-nill drifts carried in 
the mcUnatioii of the seams. 

Should the strata lie in a trough, the pits may 
udvantageonsly be placed in its middle line, so as to 
command the coal on both sides. 

In those few districts where coal still remains to be 
got by " free drainage," the workings will be started 
much the same as from the pit-bottom, the levels being 
driven at once into the hill-side ; but the arrangement 
is usaally a defective one for quantity, as not allowin^^ 
BO readily of extension in each direction. 

One of the most serious questions to be solved^^ - 
the cod-viewer in the very ontset is the systetjv bJ 
which he means to work his mineral ; and in *v^-»i^O^ ' 
form a judgment upon this head, it is impor-V/Mer t^ 
he shouid not only be acquainted with tl^ 'oat ^ 
modes in use elsewhere, but should hav^ .,^ Tariona 
knowledge of the peculiarities of the sean:y„ ^°9uired a 
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the dangeions spaces from vhicb the coal is extracted 
(the miste or goaf) behind, entirely done with, Bnt if 
the opposite conditions hold good, coal mnst be got as 
soon as the levels have advanced sufficiently fiir beyond 
the shaft-pillar. 

If the water is to be mechanically raised from the 
workings, the pit will have to be annk to some little 
depth beneath the seam, ibr a smnp^ In which the 
drainage may collect; and it is well, in addition, to 
open out, on the deep of the intended roads, sufficient 
excavation to serve as a pound, or standage^ for water, 
where it may accumulate for a few days in case of 
breakage of machinery. 

A level cannot be driven singly, unless divided into 
two parts for the in-going and out-coming currents of 
air ; and hence it is usu^ to prefer to drive two parallel 
Q 6 to 10 yards thickness between 
them, cut th^l^^B^iitei-vals as required tbr the ven- 

Ihese is the drain, or water-gate; 

■ road, rolley-way, or way-gaW; 

Bllieries a third is usuaUr adAnA, 
LDgementi 
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oxidising action of the air, without 1)9105 artificially 
Becnred. The most usual method of effecting this im- 
portant end is with timber placed in eets of three, at 
intervals of 3 or 4 feet. Two of them, commonly larch 
poles, or Bometimes oak, 4 to 8 or 10 inches thick, axe 
placed as uprights, legs, or stanchions against the sides, 
and the third laid ciosswise upon 
the heads of the others as a cap 
or head-piece. When the roof 
is apt to crack off, it is addition- 
ally protected by plmiks laid upon 
the cap-pieces &om one set to the 
other. Or better still, and in 
some cases absolutely neceBsai7, 
is the ardiing of the main roads with brick or stone, 
now and then — when the floor is very soft — resting on 
an invert flat arch below. Especially near the pit 
bottom, where more room than usn^ is wanted for two 
trains of waggons, and wherever a pass-by is required, 
it is needful either to construct a good wide arching, 
or to have the wooden caps so long, that they should 
receive the snpport of an additional prop in the middle. 
It ia obvious, although sometimes neglected, that 
in order to obtain the full advantage from the timber, 
the direction of the main pressare should be duly 
considered, and that no unnecessary cuts should he made 
in the pieces which may weaken their full resistance ; 
also that the caps should be so fitted as not to act like 
wedges in splitting the uprights as soon as the weight 
presses ; and again, that in inclined seams, the props 
should be placed at right angles to the floor and roof, 
so as to prevent their being forced out of position by 
ike weight fi-om above. 
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Instances might be cited where, as soon as the main 
roads have to be maintained near extensive workings, 
it is found to be the better course to remove all the 
coal, and to trust to pack-walls^ built up of d&bris to 
sustain the roof, rather than to leave a rib of coaL 

Although commonly called levels^ and carried theo- 
retically in a horizontal line, at right angles to the 
main dip of the bed, these drifts cannot be carried 
perfectly level, or the water would not flow back towards 
the mouth or the pit^bottom. Add to which a certain 
moderate amount of inclination is needed in order to 
facilitate the bringing out of the loaded trains or 
waggons. A rise of 1 in 130 appears to give the 
maocimum of effect to horse-power in drawing the full 
waggons down, and the empty ones back, but 1 in 200 
is often adopted, especially where it is an object to gain 
the greatest possible area of coal from a given winning. 
In certain districts, as in Dean Forest, a colliery may 
be limited on the deep side, by a level to be driven 
from a certain point, in which case the utmost endeavour 
will be applied to drive it as nearly horizontal as prac- 
ticable. The men occupied in driving will often be 
found to swerve upwards with the floor of their drifts 
and constant attention is therefore needed to keep it in 
its true direction ; and when intended for a traffic road, 
to make it as straight and regular as possible. In 
former days all the little rolls and inequalities of the 
beds were closely followed ; but at present, when the 
cheap conveyance of large quantities is a more 
prominent object, they are, when it is feasible, 
neglected, and the levels cut boldly through coal or 
stone, as the case may be. When trembles or dis- 
locations occur, their magnitude must determine 
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how far this regularity may be carried out, or whether 
the level will have to be swerved from its direction in 
order to catch, at the nearest distance, the coal on the 
farther side of the line of fault. 

In certain modes of working, the removal of the 
coal will begin at once from the rise side of these main 
levels, but in others, upper pairs of levels will be driven 
parallel to the first, and connected with them by rise 
drifts, or cross-headings at certain intervals. In other 
modes again, the chief working places will be started 
from pairs of up-hill drifts {bord-gcUes) carried up the 
rise of seam. 

The expense of this narrow work is to a great extent 
got rid of, when, as in certain varieties of long-roork^ 
to be presently described, the levels themselves can be 
included in a broad face of excavation, which is simply 
pushed forward in advance of the remainder of the 
colliery. 

We may here glance at the cutting or hewing of the 
coal, which in the levels has to be eflfected by much the 
same means as in the larger workings, although the 
greater amount of labour which in the former must be 
expended on a given quantity of coal, and the smaller 
size into which it is cut and broken, renders it necessary 
in general to pay the men by so much per yard on their 
progress, instead of by the ton or tram. 

The pick (pike, slitter, or mandril) is the special 
tool of the collier, much varied in different districts, 
even for cutting coal; and of different weight and 
strength in the same pit, according as it is intended for 
under-cutting (horizontally), for shearing, or cutting 
vertically, or for working in shale or stone. The handle 
(shaft, or hilt) is from 27 to 33 inches long, and the 
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double-pointed head from 18 to 20 inches ; Bometimes 
straight or nearly so as in central England, and in some 
varieties of the Belgian rivelaincj irequentljr a little 




Tig. 17. Scale, f-inch to 1 foot. 

A. North StaflbrdBhire holing pick, 

B. Anchored pick, Durham. 

C. Bivelaine, Belgium. 



Fig. 17a. Scale f inch to I foot 
I. Coal-pick, Landahipping, Pembroke 
9. Do. Weatphalis. 
8. Do. {Haontsu) LiSge. 



curved, and sometimes in the North mucn '' anchored. 
The points are steeled and sharpened four-square, with 
a very narrow cutting edge.* 

In breaking down or getting the coal, the first opera- 
tion is to benchy kirve^ or hole it along the bottom of the 
seam, or in other words, to cut a groove to the depth of 
two or three feet either in the lowest part of the coal, 
or in the clay that underlies it If the clay be tough 
and hard, it often follows that great waste is caused by 
holing in the coal, for as the groove advances in depth, 

* Goal picks with single point are rarely to be seen in these islands , 
in Pembrokeshire they have been used for the anthracite ; but on the 
Ck>ntinent they are common. 
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it mnat bUbq be cnt higher at ite commencemdnt, and 
the whole of the material is chipped bo small as t« be 
nselesB. Some coals are so strong as to require no 
support dnriDg this operation ; others, which are tender, 
or divided by freqnent planes of cleat, backs, Ac., re- 
quire to be propped or ^ragged, especially when, in 
very deep holing, the hewer has to place himself almost 
beneath the seam which he is detaching. For thus 
holing at the bottom of the seam, the collier lies on his 
side, and in this apparently constrained attitude swings 
the pick almost horizontally, and delivers a number 
of smart and well-pointed blows before he proceeds to 
remove the Mhris. In certain seams there may be an 




advantage in holing in the middle, or even at the top, 
according as partings of soft shale or friable coal may 
occur; and in one and the same colliery you m^ 
sometimes see two or three methods of holing in 
practice. 
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When the coal to be cut away is a short block, as in 
the driving of levels, it will generally need shearing 
or vertical catting to free it at the sides, and even in 
wider workings this operation is sometimes required ; 
then at length the final breaking down or ^'falling" of 
the seam thus partially freed is completed by applying 
taper wedges at some few feet apart, and driving tiiem 
with heavy hammers ; or in the case of a more resisting 
material, by blasting with gunpowder. The operation 
of boring a hole and firing the shot for this latter 
purpose is very rapid and easy as compared with the 
blasting in hard ground. A drills with broad and 
sharp bit, is quickly driven forward by hand in the soft 
and brittle coal ; the hole is usually dry ; plenty of safe 
tamping is at hand ; risk there is none in using an iron 
needle (except of course in stone) j and danger is only 
to be apprehended where fire-damp is apt to be present, 
and where the anomaly exists of using safety lamps 
and yet firing charges of powder. 

This state of things has in fact caused frequent acci- 
dents, which can only be guarded against either by 
allowing the practice mider the careM supervision of 
officers, or by forbidding it and giving the men a so 
much better price fbr their work as will be needed to 
make up for the smaller amount they can get by wedg- 
ing as compared with blasting.* 

Some seams there are which will not bear this 
systematic mode of work, where the coal will not stand 

* It is probable that mucli manual labour will be spared by the 
introductioiiof coal'euiterBy worked by steam, compressed air, or water. 
Several ingenious machines have already been put to practical work, 
among which we may cite those of Messrs. Firth and Donnisthorpe, 
of Messrs. Leviok, and the hydraulic slotting machine of Garrett, 
Marshall, and Co. ; but it would be premature to express an opinion 
on their general applicability* 

o 3 
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to be holed, and mnst be picked down in irregular 
pieces. In collieries in the South of France I have 
seen this operate as a drawback to cheap " getting " 
and to obtaining a due proportion of large coal. But 
a magnificent example to the contrary is the pure 
" spiry " four-foot seam of Aberdare, where, at Mr. 
Nixon's Navigation Pit, a pick seems to be hardly 
needed ; one smith suffices to sharpen for 300 men, and 
the coal in the face comes down so readily that a man 
has only to show it the point of a bar, and in a few 
minutes has spread before him masses enough to fill a 
tram I 



CHAPTER XIL 

POST-AND-STALL, AND LONG WORK. 

Is the general form in which the colliery is to be laid 
out determined on, the position of the shafts, main 
levels, and direction of the working faces settled by 
local conditions, we have next to solve the question of 
the best mode of the working away (exploitation) of 
the coal. 

The most simple and natural method would appear 
to be, to open ranges of working-places, each as wide 
as the nature of the floor and roof will admit of with 
safety, and each divided from its neighbour by masses 
of coal broad enough to sustain the pressure from above. 
This is in fact the rudimentary idea of the system of 
post-and-stall, or bord-and-pillary {stoop-and-room of 
Scotland). In fullest opposition to this method is that 
of removing the whole breadth of coal over a long 
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continuous face, supporting the roof at the immediate 
" face '^ by temporary props, and allowing the super- 
incumbent strata to break down bodily at a few feet 
distance behind the workmen — long-wall or long-ivork. 
Other modifications there are, which partake more or 
less of the character of one or other of the above two 
systems, and which are in vogue in special districts. 

The post-and-s tall work is most largely practised in 
the Northern collieries ; but in one form or another is 
met with in most coal districts, and is sometimes called 
for by particular conditions, such as thickness of seam, 
tenderness of coal, or position of workings beneath 
sea, rivers, or other surface which must not be 
disturbed. 

In the earlier stages of coal mining, it is apt to be 
the case that the working-spaces {stalls or lords) 
driven across the grain or cleat of the coal are raade 
as wide as possible, and that the pillars between them 
are left as thin as is required for immediate security. 
Thus, towards the outcrop of the Durham coalfields 
extensive areas have in former days been worked where 
the bords were from 3 to 5 yards in width, and the 
pillars between them 1 to 3 or 4 yards. As the 
bords advanced it was necessary to communicate be- 
tween them for ventilation, and cross-drifts, called 
headways^ were carried about 2 yards wide, in the 
direction of the cleat, or on the ends, and at 28 or 30 
yards apart. Where the pillars were only 3 or 4 feet 
thick, it is obvious that they would soon be so crushed 
as to be utterly useless, and thus a third or a fourth 
part of the coal would at once be wasted by this means 
alone. When the pillars came to be laid out of 4, 8, 
or 12 yards to the wall^ or in breadth, and it was 
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found towards the end of last century, that they might 
be robbed J or have a great deal of coal taken from them 
after the first opening of the bords, it became a matter 
of moment to adopt the proportions which wonld be 
most favourable to the fiill utilisation of the seam. 
Two great evils have to be avoided, evils on so largw a 
scale that tens of thousands of acres have been rendered 
useless to the community by the neglect of proper 
dimensions. One of these is the thrmt^ which when 
pillars are too slight, and when the floor is hard, cracks 
the pillars, forces off large slabs of coal, and at last 
crushes the whole into slack. The second is the cre^^ 
a disorder more uncertain and insidious in its approach, 
and which in spite of all attempted remedies, will some- 
times destroy a valuable colliery. It arises when the 
thill or underclay is soft, and the proportion of pillars 
to bords such that after a time a downward movement 
takes place; the pillars then force the clay to rise 
upward in the bords, the road-ways are injured and 
have to be constantly repaired, the air-ways are partially 
choked, and the pillars crack. The mischief has perhaps 
taken its rise only at some unusually weak place, against 
a trouble ; but as it spreads from bord to bord, and infects 
an entire district, the floor bursts asunder, the roof, 
unequally supported, breaks down, the workings are 
closely filled with rubbish, and there remain the isolated 
cr^t pillars^ only accessible by fresh and dangerous 
workings, and generally so crushed as to be nearly 
worthless. 

The experience of the Newcastle miners has led them, 
especially in their deeper pits, to increase more and 
more the dimensions of their pillars, employing them 
no longer as mere supports, but taking out in the 
preliminary stage of working in the whole coal^ only 
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tiora ^th to ^tb of the coal, and leaving ike pillars for 
subsequent entire removal, when operations are com- 
menced in the broken. Hence, in the deep collieries 
the pillars are left of 24 or 30 yards long, by 16, 18, 
or 24 yards wide, and even 40 yards by 40. 

In the earlier days of pillar working it vas nsnal 
to open out in horde and headways -drifts extensive 
areas, amounting often to many hundreds of acres, 
and to begin the thinning or removal of the pillars 
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only after they had stood for a long time. Sundry 

disadvantages arise from this course — the deterioration 
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of the exposed surfaces, the difficulty of ventilaticn, 
and the tendency of creep or of the results of 
explosion to spread through the entire colliery. Mr. 
Buddie introduced a great improvement when he laid 
out the workings in panels or compartments of moderate 
acreage, divided from one another by ribs of coal 40, 
50, or 60 yards wide ; and when he followed up this divi- 
sion of the colliery by making pillar working follow very 
closely after the opening of the bords in the whole coal. 

This arrangement is shown in the plan Fig. 19, 
where the unwrought coal is left black, and the ffoq/ 
or portion from which the pillars have been removed, 
and into which the roof has fallen, is lightly shaded. 

The actual getting of the pillars is managed in 
various forms — by driving a bord through its midst, 
by taking off slices parallel to its longer face, or by 
paring it off in a succession of steps, each farther 
pillar being a grade more reduced in bulk.' Some of 
these operations may thus be assimilated a good deal 
to the long-Tcall mettiod } and need, for the due protec- 
tion of the men, that the faces of work be protected by 
rows of props, or by pack-walls so placed as to regulate 
the fall of the roof. 

The Lancashire post-and-stall system is somewhat 
different, partly in consequence of a generally steep 
inclination, and partly from the softness of the floor. 
The seams, like those of the Tyne and Wear, are 
generally between 3 and 6 feet in thickness ; but the 
working places cannot be carried so wide as in the 
former district. The working drifts, or baySy like the 
above mentioned bords, having to be directed at right 
angles to the cleat or divisional planes, it happens that 
with the varving undulations of the coal-measures, 
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the direction of cleat remaining constant, they may 
have to be arranged very differently in starting from 
the main roads or water-level drifts. Thus if the level 
course happen to be parallel with the cleat, the bays 
will be opened up the rise, and again joined with one 
another by drifts carried on the end, generally ten 
yards apart K the direction of the level course be at 
right angles to the cleat, it will be thus also that the 
bays must be opened, and they will be connected with 
the main roads by pairs of drifts (up-brows) carried 
up the rise of the seam ; or sometimes if working to 
the dip of the main road, by down-brows, whence the 
coal has to be pulled up by engine power. 

The pillars are thus left ten yards on the rise, by 
20, 30, or 40 yards the other way, and are intended to 
be robbed as soon as a sufficient tract has been opened. 
This last operation, as in the Northern fields, in contact 
with the goaf, and exposed not only to the successive 
falls of the roof but to the invasion of fire-damp 
loosed from the disturbed measures, needs every caution 
in its practice, and makes it often necessary to admit 
safety-lamps alone, whilst the other parts of the same 
colliery may be securely worked with candles. 

There are still many coal-mines in which the stalls 
or wickets and the cross-headings or thirls are driven as 
wide as they will stand, say 5 yards, and pillars of 
only 2, 3, or 4 yards square are left ; or where again, 
the stalls are driven of this fall width, and long pillars 
of a few feet thick left standing between them. In 
either case a considerable waste of coal must occur, and 
^he irregular openings left as goaf are fraught with 
danger when fire-damp is present The method most 
usual in South Wales is of this latter kind ; cross- 
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headings are driven out ftom the maia level at such an 
angle of obliquity as to be convenient for horse-roads, 
whilst from the latter the working stalls are opened, 
narrow at the entrance (to protect the roads), and 
wider inside. The pillars between them are left so 
narrow that they are sure to .be much crushed ; and 
though some portions of them may be robbed, a large 
amount is wasted. The ventilation becomes irregular 
and difficult, and many accidents arise. 

A last variety remains to be mentioned, viz., the 
" square work,'' employed for the getting of the magni- 
ficent seam, varjring £rom 25 to 36 feet thick, called the 
Dudley Thick or 10-yard coal. The shafts are sunk to 
the bottom of the seam, and a main way, the gate-road^ 
is carried forward in its lower coals, ventilated by means 
of a separate air-head or drift of very small dimensions 
opened in the coal also, at a fbw feet on one side of, or 
above the gate-road. 

From this latter the main workings, called sides oj 
worky are opened in the form of a square or parallelo- 




Fig. 20. Square work, South Staffordshire. Scale, 2 chains to the inch. 

▲, bolt-hole; BB, pillan. 

gram, 50 yards in the side, or more, and shut off by a 
rib of coal 7 or 8 yards thick, at the least, from all 
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other workings, except at the entrance, a narrow bolt- 
hole. Driving out in the lower coals, and gradually 
rising to the higher ones, the colliers open stalls of 5 
to 8 or 10 yards wide, forward and across, so as to 
leave square pillars, generally 9 or 10 yards in the 
side, and whenever the unsoundness of coal or roof 
appears to require it, sparing additional supports of 
coal in men-of-'War 3 or 4 yards square. 

The men get at the upper divisions of the seam by 
standing on the slack and coal already cut, or on light 
scaffolding. No ordinary timbering can be used to 
support so high a roof, nor can the eye in these vast 
and murky chambers easOy detect where special danger 
threatens overhead; but the sense of hearing comes 
valuably into play, and a sharp ear often catches the 
preliminary cracking which indicates the approach of 
a fall. Nevertheless, the work is the most dangerous 
in which the collier can be engaged ; and no mode of 
getting this coal with a less serious destruction of life 
by ^^ falls " has been devised, except that of working 
it in two " lifts," by the long-wall method, which, in 
despite of much opposition, appears, at a few works, to 
have stood suocessfidly the result of many years' 
practice. 

The pillars in the ^^ square work " are often in con- 
clusion thinned to a smaller size, and when at length 
the roof begins to break in, the side of work is 
abandoned, a dam put into the bolt-hole, and thus the 
air is excluded from the heaps of waste small coal, 
and the crush prevented by the ribs from extending 
to other parts of the pit 

It scarcely needs to be added, that although after 
this first working, operations may be set on foot i^^^^ 
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getting ribs and pillars, much of the coal is so crashed 
or " frenzied^' as to be of little use. The waste of 
some thousands of tons of coal per acre, and the great 
sacrifice of human life in the process, lead one to con- 
template with no pride or satisfaction our mid-English 
working of the finest seam of coal in Europe.* 

Some of the coal seams of central France, although 
moTQ broken up than the last, are much thicker, and 
have led to many varieties of working, in order to find 
out the safest and best. In the Department of the 
Saoneet Loire, I learnt on a recent visit that every other 
mode has given place to the working by remblais, i.e.y 
taking a horizontal slice of 2 metres in height across 
the seam, and filling up the space with stone and 
earth brought down from the surface. At Montceau^ 
near Blanzy, I found the seam to be no less than 78 
feet thick, inclined at about 20 degrees. The works 
are carried forward horizontally from floor to roof, 
6 feet 6 inches high, alternating with " middlings " of 
coal of the same height ; and within a few months of 
the working and stowage of one horizon, fresh openings 
are made in the range below, and the remblais or 
stowage is found to be so closely packed as to form a 
very good roof for driving under — ^assuming the use of 
plenty of timber. The plan of the working is in pillars 
of 10 metres wide, which are sliced off as in long-wall 
working. 

The LONG-WALL method may be applied, either by 

* The risk to which the men are subject in this district from falls of 
roof and coal may he inferred from the inspector's figures. 

Deaths from ** falls ** in South Staffordshire and East Worcester- 
shire:— 1856, 88; 1867» 81; 1858,97; 1859,92; 1860,75; 1861,78; 
1862, 79 ; 1863, 55. 

Later years have shown a marked improvement! 
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driving oat roads in tho solid coal to the eztremitieB, 
and then working back, leaving nothing but ^oq/* or ^ 
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behind, or, by commencing at once near the shaft, to 
work away the mineral, maintaining means of access to 
iia fresh face by roads, artificially supported, throngh 
the waste. Beyond this, great differences occnr, 
according as to whether the faces of work need to be 
straight, following the lines of cleat, or are divided 
into " stalls," or may be set off in several directions 
at once. The working faces are for the most part so 
arranged as to advance offaiiut the planes of cleat ; but 
there are certain tender coals in which it will be found 
that w^ the pit it deep, they are upon this systeir 
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much broken up by the pressure, and that a far better 
proportion of round coal will be obtained by working 
on the end^ ie., in the direction of such cleat The 
most regularly laid out varieties of long-wall are those 
of Shropshire, Leicestershire, and Derbyshire; but 
others, more or less modified to suit local requirements, 
may be seen in Lancashire, Somersetshire, Dean Forest, 
South Wales, Scotland, Belgium, and Saxony. 

Without exceeding the limits of a book like the pre- 
sent, it would be impossible to dwell upon the details 
of the various kinds of long-work, but the diagram. 
Fig. 21, may show some of the chief features of several 
plans of arrangement diverging from one pair of pits. 

In some instances it will be seen that a great length 
of face may be opened in a single line, as much indeed 
as 100 to 400 yards ; in others 30, 40, or 50 yards of 
straight face form a stall, and one such is followed up 
closely by another. In many instances again, the face 
forms on the large scale a curvilinear working, which 
may be adopted when the coal is not so divided by 
cleat or backs as to cut more freely one way than 
another. 

Let us now turn our attention to the " face " or front 
of the working, which, as it is but a few feet or yards 
away from the waste, where the roof has " come down,'' 
requires to be carefully protected. The usual way is 
to plant a double row of props (sometimes three rows 
are needed) arranged alternately, and at right angles to 
the roof and floor. Each prop takes a good bearing on 
the roof, by carrying a piece of wood, the lid or tympy 
12 or 15 inches long, which first receives the pressure, 
and is soon squeezed or broken. Cast iron has been 
occasionally employed for the purpose, but the props 
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an usoallf of larch, or, in low seams, of oak, and 
whilst with unaoQud roofs they have to be set thickly, 
in the common way they may be mauy feet apart. 
Where the heaviest roof-pressare is expected, no^3 or 
docks are employed instead of single props ; these are 
pieces of timber 2^ to 3 feet long, built up, two and 
two, cross-wise, thus giving a broad base and summit, 
and the advantage of being easily knocked aannder for 
removaL Suppose the coal now holed to a sufficient 
depth all along the face, the pressure of the overlying 
mass will tend to force it down, and in some cases 
actually saves the collier the labour of falling the coal 
by itself performing that office in the course of a few 
hours. Otherwise, by wedging, or blasting, the coal is 
brought down, then broken np and removed. And now, 




Fig. 31. Cnm uction et Iddb-ihII tux. 

nil slack, unsaleable coal and rubbish being thrown 
behind the men into the gob or waste, the back row of 
props is pulled out, and they are set up again in &ont 
of the fresh face of coal, when the whole op&ration 
starts for the sncceeding day de novo. Meanwhile the 
removal of the coal from the face towards the shaft ia 
a care of the first magnitude. If the roof be excellent, 
the coal strong, and the ont-put important, iron rails 
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(to be moved from day to day) may be laid along the 
face, on which the trams or tubs will be cheaply 
conveyed. But when, as most frequently happens, this 
advantage cannot be had, the coal has to be dragged 
or putted in sledges along the uneven floor in front of 
the faoe to the nearest outlet, and it hence becomes 
necessary to have roads opening on the face at frequent 
intervals. If we are working back from the extremities, 
no more need be said than that the roads, as the work 
advances, are constantly being shortened, and that the 
expense of their maintenance is thus diminishing ; but 
if we follow the usual method, the gob-roadSy as they 
are called, are daily increased in length, and the charges 
of keeping them in order become a very heavy item. 
Tnere is then one evil to be balanced against another ; 
on the one hand the expense of numerous gob-roads, 
on the other the cost oi putting the coal a great distance 
to get to the road. A working stall is for this reason 
commonly from 24 to 50 yards in breadth, so that the 
broken mineral need not be conveyed more than 12 to 
25 yards to be placed on a good road. If the coal be 
a thin seam (and as little as 11 inches of coal is thus 
worked in the Radstock district) the roads must, for 
efficient conveyance, be cut higher, for which purpose 
either the floor or roof must have a foot or two taken 
off, whilst the material or dibris so broken, will help, 
like *^ partings," " dirt-bands," and other rubbish 
from the seam, to fill up the waste or gob, and assist 
in letting the roof down gently. Such stone, and what 
breaks from the roof, is often built up in packs^ or 
masses of dry rubble walling ; and the roads which pass 
through the gob have thus to be protected by a pack* 
wall of some feet thick on either side. Management 



LOKG WOBK. 113 

will do a great deal in regulating this apparently 
dangerous work, for each kind of roof needs to be 
studied, that it may be brought down in the safest 
manner. Some kinds will break short, so that you 
are insecure a single foot behind the back props — nay, 
in bad cases will smash props and everything up to the 
face of the coal ; others will bend gently down to the 
refuse or gobbin, and press the whole firmly together ; 
whilst certain rock roofs will hold up for a long distance 
unpropped, but are apt to break suddenly with a crash 
which will blow out all the lights far and near, and if 
there be fire-damp about, may force it dangerously into 
the roadways. 

The gob-roads meanwhile stand the pressure vari- 
ously ; in some the floor rises, and has to be frequently 
repaired. To this end, men occupied in roading work 
during the night, whilst the pit is otherwise clear. 
Or the pack walls gradually squeeze down, and the 
roof requires to be hacked or shot away to give height, 
and, after a time, the road will be found to be almost 
entirely cut in the roof-stone. In certain districts it 
is attempted to protect the roads by leaving a thin rib 
of un worked coal on each side ; but an unequal resist- 
ance is in this way offered, which generally entails a 
greater expense in the long run. 

In some of the Welsh and Forest of Dean collieries 
an economical method is adopted for working by the 
long-wall, and forming their main-level roads by the 
same process. Instead of driving a pair of narrow 
levels as usual, a bold face of work, 20 to 50 yards in 
breadth, is pushed bodily forward, the requisite roads 
are packed on both sides, and additionally fortified, 
when needed, by timber, whilst the space behind them, 
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partly filled with refuse, forms a portion of the general 
waste or gob. 

The great advantages of the " long- work " method 
are simplicity of plan (and consequently of ventilation) 
and the entire removal of all the coal ; added to which, 
under most circumstances, are greater safety to the 
men, and a larger proportion of round coal in com- 
parison to small or slack, — a matter which, considering 
the prices, is of vital importance in the selection of the 
mode of working. It has been mostly practised where 
the seams are thin, or where they contain^ a band of 
refuse ; but neither condition is indispensable : for, on 
the one hand, coals of 6, 8, or 9 feet thick are at the 
present moment worked advantageously in this manner; 
and on the other, we have seen bind, or stone debris ^ 
carried from one seam to another, or even taken down 
from the surface to assist in the packing where it was 
needful. Nor is it necessary that the roof be good, 
although the expense will be very different according 
to its fragility; but if the operations be carried on 
with sufficient smartness to push the working-place 
daily under a fresh or "green " roof, it may be managed 
upon this system, even when composed of mere fire- 
clay with slippery joints. Only a few yeaxs have passed 
since the long- wall was much decried, except in a few 
localities ; but its manifest economy is gradually intro- 
ducing it elsewhere ; and even in some of the deepest 
Durham collieries it is successfully applied to the 
working off of their gigantic pillars ; whilst in a few 
of the pits near Dudley it has been employed for re- 
moving bodily first the upper and afterwards the lower 
half of the 10-yard coal, with greatly increased yield 
of coal and security to life. 
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In Yorkshire and in some of the North- Welsh coi- 
lierieSy methods have for a long time been practised 
which unite some of the characters of the pillar system 
with a certain amount of long-wall. 

From the main levels, which are protected by suffi- 
ciently massive ribs of coal, bord-gates (generally in 
pairs) are driven up the rise of the seam in advance of 
the main workings, and between them banks are opened 
in the form of bords of 20, 30, or 40 yards wide, and, 
like the bord-gates, worked across the grain of the 
coal. The roof of course falls behind the men, so that 
the face has to be protected by a double row of props, 
and sometimes by leaving small pillars, which are 
mostly lost. K the ground is bad, pack-walls are also 
built here and there, to prevent the falls being too 
sudden; and by similar walls an air- way is carried 
along part of the side of the bank, so that the venti- 
lating current shall pass along its upper end. Sut 
the roof here does not settle in the same uninterrupted 
manner as in the regular long- wall work; and the 
establishment of a number of separate goafs in prox- 
imity to, and generally below, the places where the 
colliers are working, renders outbursts of gas extremely 
dangerous, and has led to the fearful explosions of the 
Ardsley Oaks, Darley Main, Warren Vale, and Lund- 
Jiill collieries. 

Indeed, so fraught with danger has been this plan of 
working— even where other requirements had been duly 
attended to— that some of the collieries of the Yorkshire 
district have been recently changed into long -wall 
workings, and apparently with very advantageous re- 
sults. And under this head we must remember that, 
since the distribution and quantity of the ventilating 

II 
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performing useful service underground, were largely 
employed for the transit of coal at the surface, and it 
was thus that the miners of the North laid the founda- 
tion of the modern railway system, which in the last 
half century has been brought to its present perfection 
and world-wide usefulness chiefly by the agency of the 
same class of men. A railway was constructed in 
1789, at Loughborough, by Mr. William Jessop, of 
Derbyshire, with cast-iron edge rails, intended for a 
flange on the waggon- wheel ; and rails of wrought- 
iron were at length invented in 1820, by Mr. Birken- 
shaw, and were rolled at Bedlington, near Newcastle. 

My esteemed friend, the late Mr. Nicholas Wood, 
after a long series of experiments made in conjunction 
with his associate Mr. George Stephenson, published 
in 1826 a practical work on "The Establishment and 
Economy of Railways; " and more recently, in 1855, 
prepared a most valuable treatise on the conveyance 
of coals underground in coal mines. To this excellent 
paper, published in the Ti'ansactions of the Northern 
Institute of Mining Engineers, and based on a vast 
number of examples and experiments, I must refer 
the reader for further details on this important 
subject. 

The conditions under which the roadways of a mine 
are placed, their frequent sinuosity and unevenness, 
the confined space, and the tendency to disturbance 
both in the roof and floor, render it impossible to com- 
pete in economy with railways laid upon the surface. 
Moreover, certain requirements, in connection with 
the raising of the mineral in the shafts, have to be 
kept in view, and necessitate the use of particular 
kinds of waggon. 
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Until within a few years past the northern method 
was to fill the coals, at or near the face, into a large 
basket {corve) of wicker, having an iron bow, and to 
drag it on a small carriage, or tram^ generally hj a 
pony, to the crane-place on the main road, where it 
was lifted, and placed with several others, on a rolley^ 
or larger waggon, on which they were then drawn by a 
horse to the pit bottom, whence they were raised to the 
surface, whilst the rolley returned with a load of empty 
corves. 

In the central districts the principle remains even 
now much the same; instead of the corve a akipj 
having a strong bow of wrought-iron for raising it, is 
placed on a trolley^ and loaded with coal, by having 
several broad iron rings placed loosely over it, within 
which the lumps are stacked up. It is then wheeled 
away to the shaft, where it is hooked on to the rope or 
chain by the bow. 

In Somersetshire and in Belgium the method 
generally in use, until very lately, was to convey the 
coal in waggons to the shaft, where it was capsized 
into a great iron bucket^ holding about a ton, called 
the kudge {cuffaty Belg.), which was then drawn up the 
shaft, and had to be again unloaded at the bank. 

It is unnecessary to follow up the variations in these 
modes, which are applied to the conveyance of the 
mineral in different coalfields, but we may usefully 
glance at the steps which, within the last quarter of a 
century, have totally revolutionised the methods of all 
our larger British collieries. When the cast metal 
tram-plates came into vogue, the old broad wheels of 
the waggons, or rolleys, were superseded by cast 
wheels, fined off very sharply at the periphery, in 
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order to diminish the friction; and these are still 
extensively retained at many works of importance, 
partly from want of appreciation of the newer methods, 
partly from the desire to fully utilise the materials of 
an old-established plant. 

As the scale of operations increased, the expenses, 
attaching to the use of corves were found to be so 
serious as to lead to the resumption of small wooden 
waggons or tuhs^ with wheels of 8 to 16 inches 
diameter, which are run from the face of the coal to 
the pit bottom, without the delay and cost of lifting a 
smaller on to a larger carriage, and without involving 
the other great objection of unloading and loading, to 
which some of the methods are open. It appears, at 
first sight, undesirable to have to raise in the shaft the 
weight of the rolling apparatus, the wheels, axles, 
coupling-chains, &c. ; but the preponderating advan- 
tage of running the same waggons throughout, and 
the facility of raising them at high velocity through 
the pit by the application of cages and guides, have 
been universally established as a successful innovation, 
in the Northern and many of the larger works of other 
coal districts. 

When the seam is thick and roof good, the tubs 
may, as above stated, be taken close up to the face of 
work ; but the more the actual present workings are 
hampered by lowness and want of room, the higher 
will be the expenses of ptUting^ &c., in addition to 
carriage along the main ways. This work used to be car- 
ried on almost exclusively by boys, but in the Northern 
collieries great numbers of Shetland and other ponies, 
of 3^ to 4 feet high, driven by younger boys, are 
employed for bringing the coal from the face to the 
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horse-roadfl or the engine-planes. Where very thiD 
seams are worked, as in the Somerset coalfield, the 
cost of " cartmg," as it is called, becomes very onerous. 
The height of the coals, averaging between 13 and 28 
inches, scarcely leaves room in the lower places to go 
on all fours, and renders the work so laborious that 
although the distances are not very great, it costs 
from 8(L to 1^. ^d. on the ton to cart the coal from the 
face through the twin- ways and branch roads to the 
main leveL 

The movement of the carriages on the roads is 
retarded by three kinds of resistance : 1st, the friction 
of the periphery of the wheels on the plates or rails ; 
2nd, the attrition on the axles ; and 3rd, the rubbing, 
by oscillation of the waggon, of the face of the wheels 
against the flange of the tram-plate, or the flange of 
the wheel against the upright raiL The first is dimi- 
nished either by narrowing the edge of the wheels, or 
by running broad wheels on edge rails, and by increas- 
ing the diameter of the wheels ; the second, by carefdl 
make, using steel axles and efficient lubrication ; the 
third, by making the wheels fast to the axle, instead 
of having them loose upon it, by straightening the 
road, and by adopting a suitable form either of bridge 
or T-headed rafl. 

In thin seams the ttcbsy or waggons, must neces- 
sarily be low, and the wheels small, but even in seams 
of ordinary height, the convenience of keeping the 
total weight so moderate that the ptUter can readily 
place his tub on the rails when it gets displaced, and 
that the onsetter and banksmen can easily handle and 
run the tubs on the iron plates at the bottom and top 
of the shaft, give the preference in Northern practice to 
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tubs weighing not more than 3 or 4 cwt, and carrying 
from 6 to 9 cwt. of coal. At Seaton Delaval and 
neighbouring pits, the tubs weigh 3^ cwt. each, and 
hold 11 to 12 cwt, but these require exceptionally 
strong men to handle them with the requisite rapidity. 
In the South, carts, or trams, of much greater weight, 
sometimes of iron, are often employed, ' carrying a 
weight of a ton ; but, in such cases, the numb^ is 
smaller, or conveyance and winding in the shaft are 
generally slower, and long delays are caused by getting 
off the rails. 

The tub most generally used has an oak framing 
below, on which the bottom and sides, of | inch or inch 







Fig. 33. Colliery tubs : I inch to 4 feet 



oak, or other strong wood, are attached, with corner 
pieces of iron to strengthen them, and a light bar of 
iron passing from end to end upon the framing, with a 
hook at one extremity and coupling chain at the other. 
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When the box part has vertical sides, the wheels are 
placed below, and are only 8 to 12 inches diameter ; but 
when it is narrowed below, the wheels may be set 
outside, and are 15 to 18 inches diameter. They are 
generally fixed to the axle, but sometimes are, as well 
as the axle, made to turn. The form, in fact, must 
depend partly on the roads, and partly on the varieties 
of coal to be conveyed; but it would be manifestly 
inconvenient, in a colliery where a large traffic exists, 
to have carriages of different sizes and shapes. 

For the purpose of bringing the weight low, and at 
the same time employing large wheels, M. Cabany, the 






Fig. 34. 

ingenious director of the great collieries of Anzin, has 
constructed the modification of elbow-axle, shown in 
Fig. 24, which, he states, can be repaired at half the 
cost of the common elbow-axle. The mode of attach- 
ment of the wheel is shown in the figure, and the 
waggon is made to belly out above it, to increase the 
capacity on a narrow gauge. 

h3 
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The main levels of a mine are generally carried too 
horizontally to allow the loaded waggons in one direc- 
tion, and the empties in the other, to be drawn by a 
perfectly equal force. In order to have the resistance 
equal in both directions, the empty tub being 3 cwt., 
and the loaded one 12 cwt, and the friction -Arth of the 
weight, the inclination would have to be 1 in 133, and 
if the friction be Tir^h, would be 1 in 100. 

Mr. Wood f6und in his experiments that a horse 
dragging a carriage on a level railroad at surface will 
give a useful performance of 6|- tons for 20 miles, or 
133 tons for one mile per day, which forms a conve- 
nient maximum standard for judging of this — the most 
general means of conveyance, as carried out in various 
mines. Actual practical trials in several pits gave the 
following results : — 



Locaaty. 


Diameter 
of wheel. 

Inches. 


Inclination 
of road. 


Weight of tram. 


Number 
of trams 
at once. 


Tons per 

mile per 

horse. 


Loaded. 
Cwt 


Empty. 
Cwt. 


1. Elemore Colliery 

Ditto . . 

2. Hetton . . . 

3. Andrew's House 

4. Marley HiU . . 
6. SpringweU . . 


12 

12 

8 

10-25 
10 
10 


1 in 130 
1 in 202 
1 in 130 
1 in 222 
1 nl44 
Level. 


12-5 

12-5 

12-5 

13 

13 

11-5 


4 

4 

4 

5-3 

6 

3-5 


14 

14 

9 

11 

6 


29-76 

61-23 

30-6 

6416 

31-6 

15-26 



Similar trials made in South Wales, where the work 
was done by drawing 3 to 7 larger trams, weighing 
when loaded 25 to 32 cwt each, with wheels from 17 to 
21 inches diameter, principally along water-levels, but 
in part along inclined headings, gave results of from 
10 to 17*8 tons per mile as the day's work of a horse. 

These surprisingly different amounts of useful effect 
depend in great part on the arrangements as well as 
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1 he condition of the roads. If only a single line of rails, 
with passing places, be employed, much delay ensues ; 
and if the distances travelled are short, and the 
stoppages at the termini more frequent, there must be 
a simUar disadvantage. 

In the 2nd and 4th examples above cited, the horses 
were particularly strong and in good condition, and yet 
the result falls so strangely short of what can be 
accomplished at the surface, as to give great weight 
to Mr. Wood's corollary, that it becomes daily more 
important to substitute, as at the surface so also 
underground, engine-power for the costly stable of 60 
or 80 horses, which otherwise has to be maintained in 
the larger collieries. 

When the coal, as usual, is worked from the main- 
ways up the rise of the seam, if the inclination be as 
much as 1 in 30, inclined planes {jinny roads, ovjig-- 
brows) come into use, where by aid of a drum or sheave 
at the upper end, regulated by a brake, the loaded tubs 
rxm down by their own weight, and pull up the empty 
ones. Or the descent may be checked, and the ascent 
assisted, by the use of a counterbalance tub suitably 
loaded. The sheave for this purpose may, according to 
the nature of the work, be so fixed, by the aid of 
wooden props, as to be easily removed forward as the 
workings advance. This is, of course, a very inex- 
pensive mode of conveying the coals, and is sometimes 
applicable for very long distances ; although, for the 
avoidance of accidents, it is needful then to establish a 
very strict discipline as to signalling when the train of 
tubs is to be set running, and also to have side stalls 
cut out here and there for the safety of those men who 
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may happen to be travelling the plane at the time. In 
the rudest of such inclines, a boy goes down with the 
sled, digging his heels into the floor by way of a drag; 
whilst in large and well-laid-out collieries, a regular 
series of such inclines, fitted with substantial brake 
drums, wire ropes, and friction rollers for them to run 
upon, vie with the best of inclined planes to be seen at 
the surface. 

A contrivance of great ingenuity. Fowler's clip- 
pulley, has been most successfully used by the Messrs. 
Pease at the Upleatham mines for some years past, and 
appears to be capable of extended application in the 
working of inclines and engine planes in collieries also. 
Its advantages are that the rope need only to be passed 
simply over the periphery of the wheel, instead of 
being coiled or lapped round it as on a drum; that it 
then holds the rope more equably and advantageously 
without flattening the wires or grinding them against 
one another, and that it prevents a surging movement. 
The movable clips on the circumference, which em- 
brace the rope, clutch it so tightly, that on a double 
incline, one set of tubs may be thrown off— as by the 
breakage of the rope — and yet it is capable of sustain- 
ing the other. r 

When, however, the coal has to be brought up by 
"down-hills," or roads driven below level, the labour 
thrown upon men at windlasses, or upon horses drag- 
ging carriages, is so great as to be inconsistent with 
extensive working ; and, under these circumstances, it 
is usual to employ engine-power, either through the 
instrumentality of a rope passed from the surface down 
the pit (as at Monkwearmouth), or by fixed under* 
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ground engines worked by steam transmitted from the 
surface (as at Killingworth), or generated in boilers 
near them,* or worked by compressed air. 

If the inclination of a down-brow be not less than 1 
in 28, the empty tubs, in running down, will drag out 
with them the rope from the drum of a fixed engine ; 
but if it be less, they must be provided with a tail-rope 
passing round a sheave at the bottom of the incline, by 
which they will be hauled down again. These arrange- 
ments have long been practised, but not many years 
have elapsed since the last method came into use 
instead of horse power, for hauling the coak along the 
main ways which approximate to the horizontal. It 
is still only in the larger collieries, and those in which 
due care has been bestowed on the straightness and 
regularity of the roads, that this improvement has been 
introduced; but its value may be inferred from the 
fact that, in certain instances, as many as 70 or 80 
horses, with their drivers, stablemen, &c., are dispensed 
with, and that a small fixed engine actually hauls 
along a nearly level plane of a mile and a half in length, 
trains of from 60 to 100 tubs at a time, at an average 
speed of 9 miles an hour. The employment of a tail- 
rope (usually of i to I the circumference of the main 
rope) enables the train to be pulled over the undula- 
tions of gradient which cannot but generally occur even 

* I owo to Mr. C. Tylden "Wright the foUowing example from a 
part of Shireoak colliery : — Inclined plane of 800 yards long below pit 
bottom, gradient 1 in 60 ; train of 25 tubs at a time, drawn at speed ot 
8 to 10 miles per hour by a f -inch steel wire-rope, stretched by a 4-foot 
Fowler's clip-drum, and worked by two 12-inch cylinders, 2 feet stroke. 
Average cost, calculated from 30,000 tons conveyed in six monthS| 
one penny per ton, including wear and tear of rope and all labour. 
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in the best underground roadways. Wh^e these 
inequalities, and where curves interfere, they must be 
met by a sufficiency of rollers and of sheaves to protect 
the ropes from injury. 

In certain works the cngine-coad has been fitted with 
an endless rope, passing, of course, round sheaves at the 
extremities, and to which the trains of tubs are hitched 
or clamped at intervals. The comparison of this with 
the other method is still the subject of discussion ; but, 
although very serviceable as contrasted with horse- 
work, it has not been shown*1;o attain to the amount of 
efficiency and economy exhibited by the engine " planes " 
of such collieries as Hetton, Seaton Delaval, Pelton, 
Black Boy, &c. 

Begularity of action and compactness being two main 
essentials, the favourite engines for this purpose have 
two horizontal cylinders resting on bed-plates, and a 
heavy fly-wheel. But the form of the engine is hardly so 
important as the question of the mode of supply of 
steam, for the boiler-fires are in some situations a source 
of intolerable heat and of certain risk. It has been, 
however, shown in practice, that where it is incon- 
venient to place the boilers near the engine, they may be 
at surface ; and if 8 or 10-inch pipes, properly clothed, 
are used to transmit it, there will be no substantial 
diminution in the elasticity of the steam in the receiver 
for the cylinders at the pit-bottom. In some instances 
the steam has been transmitted for above 1,000 yards, 
with a good result depending much on the sufficient 
diameter of the pipes ; in others, compressed air has 
been forced for a distance of several hundred yards with 
a very trifling loss of pressure. And thus, by one means 

* It must now be conceded that the Tail-rope Committee of the 
Northern Institute have proved exceUent results from this system as 
applied in Lancashire, both with wire rope and with chain. 
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or the other^ engine power becomes available to all 
those who^ instead of dealing, as in the old time, with a 
few score of corves, have to run several hundred tons of 
coal, or in other words some 1,500 or 2,000 waggons, 
a-day, to the bottom of their shaft 



CHAPTER XIV. 

RAISING THE MINERAL IN THE SHAFTS. 

A FEW steps only, and of a simple kind, appear to 
intervene between the modes of slowly winding up 
small quantities of coal in the pits three centuries ago, 
and the vehement, yet well-disciplined extraction of 
the present day. But although the improvements have 
not been marked by any startling inventions, they 
have only been rendered possible by the simultaneous 
advancement of the other mechanical arts. And even 
now, it is solely under favourable conditions that the 
greatest eminence is attained, and we need but to travel 
a few miles into the hills from some of the noble col- 
lieries of Durham or of Lancashire to see, near the 
outcrops of the seams, little works carried on for local 
or land sale, where the apparatus, if not the ways and 
language of the people, will recall the days of a pristine 
simplicity. 

As long as manual labour is employed for the raising, 
it may be of a few tons of coal per diem, the windlass 
and a round hempen rope are the means commonly 
used. In the hills of the West Riding of Yorkshire, 
a pinion on the crank axle works a toothed wheel on 
the barrel axle ; and thus, by giving a slower motion, 
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enables u man or two at the surface to r£dse a greater 
weight at once, and thus to keep even with several who 
jire working below. With a depth of 30 or 40 yards, a 
more economical power has to be brought into play. 

For horse work the invariable arrangement is to erect 
the " wheel-and-axle" kind of machine called a horse- 
girij or whim^ and consisting of a rope-drum built round 
a vertical axis, the foot of which turns on a stone or 
iron casting, and the head pivot of which is supported 
by a long " span-beam," resting at the extremities 
upon inclined legs. The "horses are attached to one or 
both ends (according as power may be needed) of a 
strong horizontal beam, generally 30 to 36 feet long, 
which embraces the vertical axis close beneath the 
drum, which is 12 to 16 feet diameter. The ropes, 
passing off from opposite sides of the drum, are con- 
ducted over little guide-pulleys— 3?at?^a?eap^3 — to the 
sheaves set in the shaft-frame overhanging the pit 

Although very largely employed in metalliferous 
mines, the horse-gin is now seen in colliery districts 
only during the sinking of pits, or permanently em- 
ployed at shallow works doing a very small trade. In 
the last century, before the introduction of the Boulton- 
and-Watt engine, it was in very abundant use in the 
English and Scotch coalfields, and we have, in the 
travels of M. Jars, an account of a powerful horse 
machine newly completed in 1765, for raising the coal 
at Walker Colliery, 100 fathoms deep. It was put in 
motion by eight horses kept at a sharp trot, and by 
means of a large horizontal toothed wheel giving a 
greater velocity to the rope-drum, lifted a corve of 
coals in two minutes : but, unfortunately for the result, 
the corve held only 6 cwt I The simple gin, therefore, 
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worked by two or four horses, remained the common 
ma<;hine for small depths. 

It is only in districts more hilly than most of onr 
coalfields that the streams flow with a sufficient fall to 
give a useful amount of water-power ; but the conve- 
nient way in which the drum could be built upon the 
prolonged axis of a water-wheel led to that arrangement 
being commonly adopted by the middle of the eighteenth 
century, even where the supply of water had to be raised 
by a special Newcomen or atmospheric steam-engine. 
Many attempts were made to convert the alternating 
jerky action of this engine into the rotatory motion 
needed for winding, but to very little purpose. Smeaton 
meanwhile lessened the consumption of water, and 
thus reduced the expense. The wheels had been made 
with a double row of buckets, each row opening oppo- 
sitely to the other, so that when motion had to be 
reversed, the supply of water was cut off fcy a valve and 
laid on the other way, and thus the wheel turned in the 
opposite direction. Smeaton applied reversing gear of 
strong toothed wheels to the drum, so that the wheel 
could always revolve in the same direction, and the 
turning of the drum only be reversed. 

In Wales, another mode of employing water-power 
came into use, which is still to be seen at many of the 
collieries, as well as some of the slate quarries, where 
this cheap power is abundant. A large sheave fitted 
with a powerful brake is fixed above the pit-top, and 
has a rope or chain passing round it, to one end of 
which is attached an empty cistern carrying over it a 
waggon of coal, to the other a cistern which, when 
filled with water, is heavier than the loaded waggon 
and empty cistern together. Suppose now the former 
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ig at bank, the latter at the pit-bottom ; the ciBtem is 
filled from a tank placed close by, and is regulated in 
its descent by the brake ; when it reaches the bottom a 
self-acting valve is opened, which lets the water flow 
out, either to escape by the adit or to be raised by the 
pumping-engine : meanwhile the loaded waggon is 
taken off the empty cistern, and by the time the latter 
is filled with water from the same tank, the cistern at 
the bottom has been emptied and a waggon of coal 
placed upon it ; and thus the action is reversed, and a 
cheap, although slowly-working machine, kept in reci- 
procating movement. 

The chief forward step was made when Watt's 
double-acting engine, having the steam applied al- 
ternately on both sides of the piston, rendered it 
feasible to apply a rapid rotatory motion. In the 
smaller engines, and such, in fact, as are in work at 
the great majority of the collieries of our central and 
western districts, the motion is communicated from 
the main crank-shaft, through the intervention of 
toothed wheels, to a drum-shaft placed also horizontally, 
and to which a lower velocity is given. The ropes, op 
chains, wound in opposite directions on the drum, are 
, carried over pulleys either down a single pit, or to 
two different pits, and thus, with their respective 
cages or skips, exercise a counterbalancing effect upon 
one another. This arrangement is particularly suitable 
to the slow winding of our midland districts, where the 
weight drawn at once is considerable, and where from 
its hanging free in the shaft, a great velocity would be 
dangerous. 

But in the larger collieries, where rapidity is essential, 
two different forms of engine have for some years been 
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in use. First, a large vertical cylinder, from which the 
piston rod acts direct upon the drum shaft, and the 
drum being often 16, 18, or even 20 feet in diameter 
at the first lap of the rope, communicates to the load a 
veiocity of from 10 to 30 feet in a second. The second 
is the engine of two cylinders placed horizontally, 
acting also— it may be, directly — on the drum, and 
from their reciprocating action on the crank, intro- 
ducing great regularity of motion. 

As examples of some of the more powerful engines 
employed for these purposes at British works, may be 
mentioned, — 

Monkwearmauth ; vertical cylinder, 65 J inches diameter, 
7 feet stroke ; depth, 286 fathoms, or 1,716 feet ; 
wire flat rope ; useful load, 4 tubs, with 9 cwt of 
coal each ; time of raising, 1 J minute. 

DvMvfield^ Cheshire ; No. 1 pit ; vertical cylinder, 60 
inches diameter; stroke, 7 feet; low pressure; 
flat wire rope ; load, 4 tubs, with 8 cwt of coal 
each. No, 2 ; cylinder, 48 inches diameter ; stroke, 
6 feet ; high pressure ; drawing depth, 678 yards, 
or 2,034 feet ; time, 70 to 90 seconds. 

North Season; vertical cylinder, 60 inches diameter; 
stroke, 7 feet ; depth, 124 fathoms ; flat wire rope; 
load, 4 tubs, with 50 cwt. ; weight of steel cage, 
25 cwt. ; time, 35 seconds. 

JRose-iridgey Wigan ; two coupled horizontal cylinders, 
36 inches diameter, 6 feet stroke; depth 806 
yards (2,418 feet), flat steel rope ; load, 4 tubs, 
or 28 cwts. of coal; wire rope guides; time 
50 seconds. 

Kirhle88 Hall {California pit)^ Wigan; two coupled 
24-inch cylinders, vertical, 5-feet stroke; round 
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feteel rope; conical drum; depth, 345 yards, or 
1,035 feet , two-decked cage, with 4 tubs, carrying 
24 cwt of coal ; time in shaft 40 seconds. 

Seaton DelavaZf two horizontal cylinders of 36 inches 
diameter ; 6 feet stroke ; high pressure ; depth, 
112 fathoms, or 672 feet; flat, 5 inch wire rope; 
load, 4 tubs, with 11 to 12 cwt. each ; weight of iron 
cage, with its chains,3 tons ; time, 30 seconds. 

Navigation Pity Aberdare; two oscillating cylinders, 
43 inches diameter ; 6 feet 2 inches stroke ; depth, 
365 yards, or 1,095 feet ; round wire rope, 2 
inches diameter, on conical drum ; load, 2 large 
tubs, 17 cwt, with 47 cwt. of coal ; cage and bridle 
chains, 2 tons, 3 cwts. ; total weight, with rope, at 
bottom of pit, 9 tons ; time in shaft, 46 seconds. 

The high velocities which are thus attained in shaft- 
work, by means of which from 500 to 1,000 tons of 
coal are drawn from a single pit in a day, have been 
rendered possible only by the use of guides or con- 
ductors, which insure smoothness of movement and 
prevent collisions. Mr. Curr, of Sheffield, already 
mentioned for his valuable innovations, introduced at 
the end of the last century wood conductors for guiding 
the corves, by aid of which he asserted that he could 
draw from 140 yards depth in half a minute. Yet for 
years he found but little response ; they were applied 
at a few of the midland pits, and about 1827 by the 
late Mr. Holwey, at Welton Hill, near Midsomer 
Norton. In the north they began to make their way 
between 1835 and 1840, and are now universally 
employed, as essential to economy and to the safety of 
the men. 
The conductors in general use are of wood (Memel 
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pine) about 4 inches by 3, attached to bunions, or cross- 
pieces, fixed across the pit at intervals, and are com- 
monly only two in number, one on each side of the 
cage, and costing, with. labour, 10s. to 14s. per fathom. 
In some instances a pair, of vertical iron rails are em- 
ployed; in others, lengths of angle-iron, similarly 
attached to bun tons. In Lancashire many pits have 
been fitted with a continuous round bar of iron, fixed 
at the pit-bottom, and screwed up to the head-frame, 
the cross-bar of the cage having a ring at each end 
which runs upon the rods. An inferior plan was that 
of stretching down the pit a single-link chain, now 
superseded by suspending strong wire ropes* kept in 
place by heavy weights at the pit bottom, and giving a 
clearance of 20 to 24 inches between the cages. 

One of the important shaft-fittings, upon this metliod, 
is the cage, or chair, for the reception of the tubs or 
trams, which simply traverses up and down the pit. It 
is almost invariably constructed of malleable iron, and, 
since lightness is highly desirable, as small as possible 
for the weight it is destined to cariy. For a single tub 
a cage of 5 or 6 cwt. will suffice ; for two, whether to 
be placed side by side or one over the other (a 2-decker), 
9 to 10 cwt. At Monkwearmouth the 4-tub-cages 
weigh as much as 24 cwt. ; others no less than 3 tons, 
including their tackling-chains. Cages of combined 
strength and lightness have of late been advantageously 
made of steel. 

The slide parts of the cage, of thin wrought iron, which 
loosely fit to three sides of the wooden conductor, are 
applied both at the upper and lower bar of the framing, 
and are a little bell-mouthed upward and downward 

* The stout wire-rope conductors employed in many deep pits in 
Lancashire are found to be most serriceable eren at the highest 
yelocities. 
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to allow them to slip more freelj over inequalities. In 
order also to keep the tubs from Bhifting during their 
traneit, a simply contrived latch is always applied 
either on the floor of the cage or at the ends of a rod 
passing through its tipper bar. And when the weight 



Fig. H. BlDf^e-deok iKO cagt, Hawabun, tta rolled iitm golclei. 

reaches the anrlace, duly signalled on its approach by 
a hell ringing in the engine-honse, and by some Tieihie 
mark attached to the rope, the cage is lifted with its 
floor a little above the plane of the bank at which it is 
intended to rest, and then allowed to drop on to the 
he^s. These latter are the heads of an Mxange- 
ment of connterbalanced levers, which ofler no ob- 
stacle to the ascent ol the cage, but by a single 
movement of the hand, or antomatically, are made to 
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protrude and catch it in ita descent The moment tliat, 
at a lively pit-month, the cage bottom tonchea the 
keeps, the landers have alie-ady got bold of the full 




tabs to pull them on to terra frma, or are forcing them 
out with the empty ones which they are pUBhing in to 
take their places. On the iron-plates with which the 
staging about the pit-top is floored, the waggons are 
hauled off, up goes the cage with a jerk a few feet, and 
anon plunges down again into the gloom ; whilst the 
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men are rushing forward with the empty tubs prepared 
for the fellow-cage, which in a few seconds flies up by 
the other side of the pit. 

When the cage is two-decked, or, as sometimes in 
Belgium, has three or four compartments one above 
the other, the landing process has to be repeated at the 
same level, or, for the purpose of saving time, may be 
carried on at two different levels on the staging, whilst 
the loading is similarly performed at the bottom. It 
is in this way that a very neat system is adopted for 
running in and out the eight tubs which form the load 
of the great 4-decked cage of the Grand Hornu 
Colliery, near Mons, a cage weighing itself, with its 
protecting cover, about 2,692 lbs. English. 

The single-link chains, and the round hempen ropes 
of former days, survive only at rude and petty works. 
Elsewhere they are succeeded by flat ropes of hemp 
(bands), by the ponderous flat chains of three links 
used for slow drawing in the Staffordshire district, or 
by wire-rope, either flat or round. Iron wire was 
applied to mining purposes in the Hartz mountains, 
and then in Hungary and Saxony, before it was tried in 
England, and its cheapness and lightness, as compared 
with hemp rope of equal strength, obtained for it 
a great, but by* no means exclusive success. The 
desirable quality of lightness has been pushed still 
further by employing ropes of steel wire, but not 
hitherto to any great extent, although Mr. ' Tylden 
Wright informs me that his flat iron wire ropes, 
weighing 27 lbs. per fathom, have been replaced by flat 
steel of 16 lbs., and (in the upcast pit) by round 
steel rope of 13 lbs. to the fathom, the weight of coal 
in each case being 28 to 30 cwt ; and that the round 
ropes liA^A been working for two years, whilst the flat 
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iroii and steel ropes seldom admit of more than 14 
months wear. 

The flat ropes have been largely employed, in conse- 
quence of their easing the engine by coiling one lap 
over the other, and thus forming a counterbalance as 
the cage ascends or descends, giving the fullest lever- 
age to the engine at the time that the maximum 
weight is being lifted, i.e., when the loaded cage starts 
from the bottom of the pit But the greater wear and 
tear has given rise within the last few 
years to the introduction of round 
wire-ropes, coiled — some upon cylin- 
drical, others upon conical drums. In 
the instance just quoted, the drum 
runs from 16 feet at the small end up 
to 20 feet diameter ; and if due care be 
taken to wind the rope on at first very 
tightly, and to give such an inclina- 
tion as shall guard the coils against 
slipping, these drums are found to 
work admirably.* 

In the deeper Belgian collieries, conicai drui hi section. 
flat ropes made of the aloe fibre (much ®'^'' ^ ^'^ ^ ^^ ^''*- 
employed for the same purposes in Mexico) are pre- 
ferred. The disadvantage of this material would appear 
to be the great weight, since with about 15 per cent. 
of tar, the ropes used at the Grand Hornu weigh from 
12 to 19 lbs. per metre of 3*28 feet English. They are 
stated, however, to be extremely strong, trustworthy, 
and durable. As a ftirther means of counterbalancing 
thetgreat weight of rope to be lifted with the full cage, 
there is, in most of the Northern collieriee a counter- 

* In several instances with a maximum diameter of 24 to 30 feet 
conical drums have been constructed with an iron channel or scroll ^ 
the reception of the rope. 
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balance chain attAched to the drum shaft, which pasEcs 
in the reverse direction to the rope over a pulley, and 
}ias, appended to the end of it, a qaanti^ of excesB- 
irely heavy links of iron, which repose at the bottom of 
a pit, 30 or 40 yards deep, when not required to be in 
action. When, however, the descending rope begins to 
preponderate, they are gradually lifted into the air, 
and thus, when the full cage begins to be lifted, aid, 
with their great weight, the effort of the engine in 
accomplishing the heavier portion of its work. 
The pulley-fiames, or head-stocks, intended for the 




FiC' 30- ""i:'' f n oce eide of * pair ol piu. EcbIp, 1 inch to CO fMt 

working of a single l>an<l down a pit, and thus often 
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placed one on each side of the engine, as commonly 
arranged in the midland districts, are a comparatively 
simple framing in a triangular form, composed of two 
uprights and two back-legs, supporting a sheave or 
pulley of cast iron, 6 to 9 feet diameter, at the height 
of from 20 to 30 feet above the ground. When intended 
for rapid winding, these latter are generally replaced 
by pulleys of greater diameter, from 10 to as much as 
20 feet, and having the spokes made of light wrought 
iron rod and only the socket and rim of cast iron. When 
two bands are to be worked, the pair of pulleys are 
set upon a framing of greater breadth, which often 
has a general rectangular form, steadied by back-legs 
strutted either against the ground or against the 
engine-house. But the varieties in 




form are so numerous that it would 
carry us beyond our limits to do 
more than refer generally to them. 
^ noteworthy, but expensive, 
modification is that at Seaton 
Delaval, where the timber framing 
is replaced by beams of fths inch ij 



r 



L 



wrousrht iron, riveted at the corners 

^ : . Fig. 81. Plan of iron 

with angle-iron.* Cast iron has uprights. 

been employed in StaflFordshire for small frames, but it 
is not to be relied upon. 

With all the precautions taken to secure good en- 
gines, careful men, and trustworthy ropes, two kinds 
of accidents occasionally occur, which, as in this 
country the men are invariably lowered and raised by 
the same machinery, give rise to a peculiarly harrowing 
loss of life. One of these is the ovenvinding, which 
brings the cage violently up against the pulleys over- 

• Many patterns of iron frames have now been introduced. 188'' 

I 2 
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heady and thus breaks the rope. And^ as with the 
large drums now in use, a single stroke of the engine 
raises the cage 60 or 70 feet, it will be seen how 
needful it is to have a careful engine-man, and ma- 
chineiy under perfect control. Overwinding is guarded 
against partly by having the pulley-frame high (from 
30 to 60 feet), partly by the signals which tell the man 
when to moderate his speed, and partly by efficient 
brakes; and of late steam brakes have often been added 
to the engines, which in some cases are self-acting, 
and come into play by admission of steam into a 
special cylinder as soon as the cage passes a certain 
point in the guides.* 

The second class of accident is from the simple 
breakage of the rope, and whilst, in most cases, it is 
guarded against only by keeping in employ the best 
materials, and carefully overhauling the rope, it has 
been the subject of a number of inventions, to which 
the name of safety-cage, in French parachute j has beer 
applied. As early as' 1846, Mr. Fourdrinier had 
practically tested in North Staffordshire an ingenious 
arrangement by which, on the breakage of the rope, a 
wedge was, by the action of a spring, inserted between 
the wooden guide and a part of the cage, so as to bring 
the latter immediately to a stand-still. In 1850 and 
1851, I saw a number of them applied by sundry 
colliery viewers, who, two or three years later, had, after 
fair trial, unshipped them all, mainly for the reason 
that they were apt, in quick winding, when the rope 
surged or slacked, to come into play when not wanted, 
and thus to introduce a new source of delay and danger. 
In fact, to the present day, this same objection holds 
good, more or less, to all the varieties that have since 

• Seo also Chaj). XVIII., p. 239. 
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been proposed ; and, along irith tlie common dislike of 
trusting to a spring for setting it in action, militates 
against their general adoption by the coal trade. 

Two varieties, it is tme, were shown at the ExMbition 
ol 1862, which dispensed with springs, Paull's and one 
of Nyst's, of Belgiom ; but neither of them was 
thought satisfactory by the Jury. 

The remainder of the saftty-cages ore chiefly divisible 
into those where two levers are 
made to thrust ontwards agamst 
the oondactors, and those where 
clntches embrace the two sides 
of the guide rods. Of the former 
kind is that of Fontaine, which 
has been successfully applied in 
the great collieries of Anzin. Of 
the latter, we can only mention 
Whitfi and Grant's, largely em- 
ployed in Scotland j Aytoun's, 
Nyst's (fitted to trapezoidal 
guides), Jordan's, which grips 
firmly without the use of sharp 
teeth; andOwen'a, Fig. 33, which 
has been applied in many of the 
Lancaahiro pits, and has actually 
saved numerous lives. 

The apparatus of Mr. Calow, of 
Derbyshire, Fig. 34, is noticeable 
for the ingenious manner in which 
he brings a single spring to bear "^"^ '/i^' .^"t 
on the clutches, not when the Bu'i?inMn»''ii^''';^ 
rope is merely slacked, so as to »"*'«*' k imu. 
run ont fiister than usual, but only when the cage 
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begins to descend al the velocity of faUing, The apiral 
spring, held in a state of compression between a 




weighted cap above it, and the part of the cage below 
it, from -which the cap is separahle, no sooner finds 
its foundation gone hy the commencement of fall, than 
it files into action, lifting its cap and polling the levers 
which close the clutches.* 

The qnestion of the advisability of employing any 
form of eafety-clntch yet invented, is by no means 

* Models of s great number of the safety-cages which have been in 
practical operation are open to inspection in the Museum of Practical 
Oeology, Jormyn Street. 
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settled. Many of the most experienced colliery viewers, 
both at home and abroad, hold to the opinion that they 
substitute one danger for another ; and that, what with 
the inconvenience of their operating when not required, 
the danger of trusting to springs amid the dust and 
wet and rust of a shaft, and the tendency to induce 
neglect of the proper condition of the rope, it is safer 
to trust to careful engine-men, the best materials, and 
caution in not running a rope too long, or omitting to 
have it frequently examined. 

Many of the above inventions are coupled with an 
apparatus for disengaging the cage if overwound, and 
thus bringing it to a standstill against the guides; and 
these form, doubtless, a very useful adjunct. 

A cover, or bonnet of sheet iron, is now very generally 
added to the cage, to protect the men against falling 
materials ; and with the addition of sliding gates at 
the shaft-top, which are lifted when the cage comes up, 
but guard the brink of the pit when the cage is down, 
are safeguards against many of the accidents so rife in 
connection with shafts. 

Those who are connected with metalliferous mines 
would like to see one of the pits of every coal-work 
fitted with a ladder-way, to give egress to the men in 
case of accident to the winding machinery ; but though 
commonly employed on the Continent, ladders are 
quite unusual at our British coUieries. 

A safe and very economical mode of putting the 
men up and down the shafts is the Fahrkumty or man- 
engine, a reciprocating rod or pair of rods, fitted with 
steps, by which the traveller is lifted from 8 to 14 feet 
at a stroke, and by which an entire pit's crew of 400 or 
500 men may be conveyed in little more than an hour. 
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In Belgium and Westphalia, as in our Oomisli mines, 
they are in common use ; and, &om a long experience, I 
can testify to their comfort and security ; but in oui 
coal districts, a strong feeling in favour of the rope 
prevails, by which, although one party of men passes 
through the shaft more rapidly, the passage of the 
whole complement occupies the engine much longer ; 
whilst the annals of colliery working supply us with 
too many sad instances of the dangers which attach to 
tins system. 



CHAPTER XV. 

DRAINAGE AND PUMPING. 

In no respect do collieries diflfer more from each other 
than in the quantities of water which they encounter, 
either in the winning, or in the subsequent working 
of their mineral. In one case, a retentive clay cover 
may prevent the access of surface water, which in 
another may pass in abundance through a sandy or 
a gravel alluvium. In certain districts, water-bearing 
measures of an almost fluid consistency must be passed 
through, whilst in others, the comparatively tight coal 
measures may at once be entered. Frequently the 
strata above and below the coal are so compact bb to 
render the workings actually too dusty and dry ; but 
instances are common enough in which water makes 
its way through the roof stone, or through the coal 
itself, and adds difficulties and expense to tiie whole of 
the operations. In a former chapter, we have seen that 
by the process of tubbing^ the water met with in the 
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shaft may bo so effectually excluded, as even to admit 
of a mine being worked dry beneatli heavy feeders ; 
but it too often happens that either from the conditions 
of the place being unfavourable to the process, or from 
its not having been attempted, a costly system of 
pumping has to be unremittingly maintained. 

Up to the beginning of the present century there 
were many districts in which comparatively shallow 
collieries were drained by means of adit-levels, or 
scmghs^ often driven for a long distance from lower 
ground. But, in proportion as these superficial work- 
ings have been exhausted, it has become necessary to 
follow the seams to greater depths, and there are but 
a few hilly regions left, such as South Wales and Dean 
Forest, where some of the works still eiyoy the ad- 
vantage of free drainage. 

Before the practical introduction of Newcomen's 
steam-engine, the modes of removing the water from 
under-level excavations were by the application of horse 
power or of water-wheels to an endless chain with 
buckets, to drawing-pumps, to the rag-and-chain, or 
to winding of the water in barrels or ox-skins. Agri- 
cola gives us, in 1550, an accurate description, with 
drawings, of many varieties of apparatus worked by 
tread-wheels, by horse-gins, or by water-wheels of 1 5 
to 80 feet diameter, which show that very little advance 
was made between the period of his observations and 
the commencement of the 18th century. Nay, it is 
clear that until of late years, many of our mines still 
laboured under the same disadvantage as of old in their 
pump-work, viz., that it was supposed to be necessary 
to restrict the height of a lift of pumps to the 32 feet 
through which water can be raised by atmospherio 

I 3 
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pressure. The several contrivances above mentioned 
answered their purpose as long as the pits were very 
shallow, but their difficulties increased rapidly with 
depth (a condition of mining work often overlooked by 
inventors), repairs were constantly needed, and, " when 
a joint-pin gave way, the whole set of chains and 
buckets fell to the bottom with a most tremendous 
crash, and every bucket was splintered to pieces.'^ * 

When pumps were employed, of which the one 
raised water, about 30 feet only, to the next lift above, 
the moving parts had to be so multiplied, that things 
were unnecessarily crowded in the shaft ; first-cost and 
subsequent maintenance were needlessly heavy, and all 
the difficulties were greatly augmented with the increase 
in the volume of water to be lifted. 

These common drawing or " suction " pumps had to 
be converted into the more useful drawing or bucket- 
lifts of mines, by the simple expedient of increasing 
the height of the collar above the piston, or in other 
words, making the bucket-rod work inside a column 
of pumps, or trees (as they are often termed, from 
being originally of wood), and lift the water above 
it. Applied in this manner, the length of the 
lift becomes only a question of strength of materials, 
and it is commonly extended to 50, 60, or 80 yards. 

The woodcut. No. 35, will show, in section, the 
bucket in its working barrel^ the rod extending upwards 
with the column, or trees; below it is the clackj or 

* Fossil Fuel, p. 196. A sing^ar pumping-machine recalling this 
old apparatus was still, in 1857i to be seen at the little colliery of Coal 
Barton, near Frome, where 50 fathoms length of 8-inch pumps were 
worked by a fall of water passing 26 yards down a pit, and utilised 
upon a chain with buckets of sheet iron lapping over wheels above 
and below. 
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valve-piece, resting in its seat, and capable of being 
removed either through the clack-door^ or sometimes, 
in case of accident, by being fished up with a hook 
passed down thirough the column on removal of the 
bucket-rod. The lowermost portion is the so-called 
mnd-borCy or snore-piece, where the holes in the bottom, 
generally covered by the water of the cistern or the 
Bump, are of such size as to prevent the entry of chips or 
stones. The joints of the various lengths, and that be- 
tween the door and the clack door-piece, are made tight 
by the intervention of a thin layer of some soft material, 
as tarred flannel, caoutchouc, &c., and screw bolts and 
nuts. The action of this pump is easy to foUow^ at 
every up-stroke of the rod, the water will rise through 
the clack, and the column of it standing above the 
bucket will be so raised as to deliver, at the top of 
the lift, a quantity measurable by the diameter of the 
working-barrel and length of the stroke. Should the 
pumps be going " in fork," or the water have 
receded below some of the holes of the windbore, the 
ebullition of the water will show that air is being 
drawn, and that the full quantum of water is not being 
raised. 

A few specialities of the bucket-lift may be noticed. 
When the water is saline or acidulous, and corrodes 
iJie iron, the working-barrel, ordinarily of cast iron 
duly bored, is sometimes made of brass or gun metal 
(as, indeed, it very often was in earlier days) ; or, as in 
some of the copper mines in Cornwall, the whole of the 
pump-work may need to be lined with staves of wood, 
carefiilly fitted like an internal cask, to prevent the 
rapid destruction which otherwise ensues. During the 
* 'king of pits, and where sand finds its way to the 
0, the leather with which the bucket is geared is 
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rapidly cut to pieces, and the water ceasing to be pro- 
perly lifted, the bucket has to be changed. In very 
bad cases this may take place, not merely several times 
a week, but even every few hours, and the time and 
cost expended in the operation are very serious. Me- 
tallic and gutta percha packing have been largely tried, 
but without establishing a general superiority. 

The clack is much more slowly worn, but it is never- 
theless often a subject of trouble if the water be quick 
and rises above the clack-door before the change be 
made. When in such case it refuses to act, and sticks 
fast in its seat, it must either be drawn out by main 
force, or a second clack may be dropped upon it, and 
the water thus lowered. In recent instances, very im- 
portant services have been rendered by professional 
divers, employed to put to rights a lost lift At Messrs. 
Fletcher's Clifton pits, Workington, and in South 
Wales, the work has been thus satisfactorily done by aid 
of the diving apparatus, under 30 or 40 feet of water. 

To return to the action of the pumps. At every up- 
stroke it will be seen that the engine has to raise the 
rods, or spearSy and their connections, as well as the 
entire column of water contained in the lifts ; and in 
order to obviate the enormous strain thus occasioned, 
it was early found desirable, in the deep mines of Corn- 
wall, to substitute for the buckets a forcing arrange- 
ment in all but the bottom lift. This was perfected by 
Captain Lean, in 1801,* by the introduction of the 
plunger poky or raw, working through a stuffing-box into 
a plunger case of bored cast-iron, and forcing at every 
down-stroke the water upwards through an upper clack, 
and the clear column of pipes above it. The working 

* The plunger had, however, been at work in the United Mine^ 
several years before this date, erected probably by Murdoch. 
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of this method will be evident from the sectional wood^ 
cut, No. 36. 

The great advantage hence derived over and above 
the much smaller degree of wear and tear, is, that the 
engine has simply at each stroke to lift the rods and 
plunger poles. These, then, in the down-stroke, by 
their own weight, descend and force the water before 
them. And inasmuch as the weight of the rods is far 
more than sufficient in a deep mine for this purpose, 
they are in part counterbalanced by beams (balance- 
bobs) placed some at surface and some at intervals in 
the shaft, each laden with 15 to 20 tons of old iron. 

Thus, in the mine of Tresavean, at a shaft 348 fathoms 
deep from surface, the 86-inch cylinder engine raised a 
weight of rods, plungers, and sets-off, for nine lifts, of 
67 tons, 3 cwt. The main beam, with its gudgeons, 
connections, &c, 50 tons ; four balance-bobs, 60 tons ; 
the four loaded balance boxes, 80 tons ; or, altogether, 
besides the weight of water in the drawing lifts, about 
260 tons, to be set in motion at every stroke of the 
engine. 

The arrangement in Cornwall is universally the same. 
From the end of the main-beam, projecting over the 
engine shaft, a single rod passes all the way down to 
the bottom or bucket-lift. Employed in its maximum 
strength at the surface, where it has the full weight to 
sustain, it is then tapered or diminished downward 
according to the diminution of the strain by which it is 
affected.* At the requisite intervals the plunger poles 
are attached to it by sets-^ff^ bound to it by strong 

* Thug, in a deep mine, a main rod of 290 fathoms long is made, 
for the first 120 £EithomB of two 12-indh aqnare Riga balk, and after- 
wards one of 15-inch halk, decreasing to 14-inch and 12-inch. 
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staples of iron. The several lengths of rod, generally 
from 40 to 70 feet in length, are connected by the aid 
of strappiDg plates of hammered iron from 9 to 12 feet 
long, on opposite sides of the rod, bolted through it 
with screw bolts. At moderate distances apart, stays 
are placed across the shaft, which guide the motion of 
the rod, and iron rollers are added where it deviates 
from the perpendicular. At intervals, too, very strong 
beams are fixed in the shaft as catches^ to prevent the 
fall of the rods downwards, as well as indoor catches^ to 
prevent damage to the engine in case of the rod break- 
ing at a shallow point, and thus being suddenly relieved 
of its great weight In this manner the gigantic pumps 
employed in some of the mines are worked with such 
perfect ease and smoothness of action that you may 
stand near them in the shaft and not be aware, except 
by seeing, that they are in motion. 

I have thus dwelt especially on the Cornish methods, 
because the necessity for economy and the competition 
between the engineers in that district have brought 
the pit-work to a higher degree of perfection than is to 
be seen elsewhere. When tested by the work done for 
a given sum of money, it contrasts remarkably with 
the rattle and concussion, the heavy cross-heads, and 
the greater complication of rods that are often notice- 
able in other mining regions, even though the excellent 
invention of the plunger may have been adopted. 

We have now to examine into the mode of applying 
the power which is to keep the pumps in action. I 
may omit to describe the means of settmg water power 
to work pumps of the above description, for although 
often employed with advantage for metalliferous mines, 
it seldom comes into play in collieries. Both in the 
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commeBcement of operations at a difficalt sinking, and 
afterwards as a permanency at small or lightly-watered 
pits, the double-acting rotary engine is commonly nsed. 
If the water is to be drawn at times when coal is not 
to be raised, the nsnal ropes or chains have attached to 
them water-barrels, cofvls, or rinffes, which will cany 
Irom 10 cwL to a ton of water, and are emptied on 
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reaching the surface by means of a self-acting valve 
placed in their bottom, or by being capsized by the 
lander. When pumps are to be worked, it is usually by 
sweep-rods passing from the crank on the main shaft 
to quadrants or bell-cranks at the shaft mouth. En- 
gines of this class, whether worked by high or low 
pressure steam, are suitable enough for temporary or 
aTUtiliary purposes, but miuit be superseded in deep or 
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heavily watered mines by special pumping engines. 
In some few instances the combination of drawing and 
pumping may be seen on a large scale, as in Fig. 37, 
representing an engine of 65-inch cylinder and 7- 
feet stroke, Cambois, Northumberland, which, though 
ultimately intended for drawing alone, is at present, 
during the sinking of the shaft, working the pump rod 
by the intervention of, first, a built wrought-iron beam, 
and, secondly, a beam of cast metal. 

The engines intended for serious pumping form a 
subject of the highest importance in mining, and as the 
value of the best kinds is still but imperfectly under- 
stood, it is desirable to take an accurate view of the 
results which have been obtained from them. 

We have already, in Chap. I., followed the improve- 
ments of the steam-engine with reference to the employ- 
ment of coal as a motive power, and have seen that 
Newcomen's atmospheric engine (of which a very few 
specimens are still left) was succeeded, soon after 
Watt's patent of 1769, for the separate condenser, by 
various improved forms. The comparison between 
different constructions which then became needful, was 
made by calculating the dvty^ or number of pounds of 
water raised one foot high by a bushel of coal. When 
Smeaton commenced his modification of the atmospheric 
engine, the average duty about Newcastle was 5,590,000 
lbs.; in 1772 he erected one at Wheal Busy, which 
attained 9,450,000. The same great engineer acknow- 
ledged that Watt's engines, which came out between 
1776 and 1779, would perform double the duty of his 
own, and some of them were tested to do nearly 
19,000,000. The average, however, of Watt's engines 
in Cornwall gave a duty of 17,000,000, and when 
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20,000,000 had been attained in the engine at Herland, 
that shrewd philosopher prononnced the work perfect, 
and stated that farther improvement could not be 
expected. Left, however, to themselves, by the expi- 
ration of Watt's patents, and the withdrawal of his 
agents from the county, the Comishmen after a few 
years organized, in 1811, a system of monthly reporting 
the engines, with their conditions of work, and the duty 
accomplished. Within a space of some twenty-five years 
marvellous results were produced by the emulation thus 
aroused among mine-captains in tne arrangement of 
their pit-work, and among engineers in the devising of 
improvements in boiler and engines. 

As some of the modifications to be specially cited 
are, (1) Trevithick's tubular boiler for generating high 
pressure steam, where the fire is applied at the large 
end of the tube, and the heated air made to pass through 
it, then beneath the boiler or outer tube, and afterwards 
along its sides ; 2ndly, the expansion in the cylinder of 
the high-pressure steam by closing the inlet valve at 
J, ird, ith, or even ith of the stroke, whereby from 41 
to 60 per cent, of the ftiel is saved; and 3rdly, the 
addition of a steam jacket or outer case to the cylinder, 
so protected by a brick wall, casing of sawdust, or other 
clothing, that the internal space is occupied by steam of 
a temperature but little below that in the cylinder. 

Prom an average duty of 17,000,000 performed in 
Watt's time, the Reports published by Lean show an 
amount of 28,000,000 attained in 1823, and of no less 
than 60,000,000 in 1843, whilst the best engine then 
tested had actually given an average duty of above 
96,000,000 ! The most remarkable case on record is that 
of Austen's engine of 80 inches diameter, erected by 
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Mr. William West, at Fowey Consols Mines, and which, 
on being reported in 1834 to give a duty of nearly 
98,000,000, was the occasion of a searching investigation 
and of a practical experiment, conducted by other en- 
gineers and mine agents, formed into a committee.* 
The shaft was at that time 131 fathoms below the efflux 
point of the water, the lifts of 15 inches diameter for 
the three upper, and lOJ inches for the two lower ones ; 
the length of stroke 9 feet 3 inches, the pressure at the 
boiler 36^ to 45 lbs. per square inch. The astonishing 
result was, a declared duty for the twenty-four hours of 
experiment, of 125,000,000 ! 

On taking the average duty all through the year 
at 91,672,210, we find that, as burnt in this way, 
one ton of coal will do the work of five tons in Watt's 
engines, and will raise for 100 fathoms in height as 
much as 367,000 gallons, or 1,638 tons of water: 
whence, taking coal in Cornwall at an average price of 
158. per ton, the fuel costs one farthing to raise 2 J tons 
of water 100 fathoms. The coal consumed for the long 
single-tube boilers of the Cornish engine is Welsh, 
shipped from Llanelly and Swansea, mostly small, and 
weighing 94 lbs. to the busheL The combustion is very 
slow, but so perfectly effected, that a few years ago 
scarcely a puff of smoke was to be seen between one 
end of the county and the other. Of late it is true that 
a black pennant is occasionally visible, and the blame 
is laid upon inferior coals. But, at the same time, it 
is observable, that a very small number of the engines 

* Similar ezpeximents by a committee had shown, in December, 
1827, that Woolf's engine, at the ConBolidated Mines, gave 63,663,473 
lbs. duty, and Grose's engine, at Wheal Towan, St. Agnes, in 1828 
87,209,662 lbs. 
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axe reported, and the average duty has deteriorated; 
and thus, whilst the shareholders grudge the guinea 
or two per month for engineer's or reporter's fee, they 
pay heavily in increased coal-bills. 

Among the most experienced of our mme-engineers 
in Cornwall, may be mentioned Captain Grose, Messrs. 
Harvey and Co., of Hayle, Messrs. Hocking and Loam, 
and Mr. West, of St. Blazey. Engines on a similar 
construction have been built elsewhere, at Messrs. Pair- 
bairn's and many other works, both at home and abroad. 
But there has been wanting a fair system of reporting 
the results obtained ; and when we see the great strides 
which accompanied the recording and publishing of the 
details in our western counties, it appears most de- 
sirable that such reports should become more general, 
and should include coal districts, in which we too often 
have to witness miserable exhibitions of neglect, extra- 
vagant use of fuel, and great wear and tear of materials. 
To compare a bad case with a good one, I have watched 
a large pumping engine in the north, which raises water 
from 105 fathoms deep, in 12-inch lifts, at 7^ strokes 
per minute, with a consumption of 20 to 25 tons of 
slack per day. A similar amount of work is done by 
an average Cornish engine with from 2 to 2^ tons. 
The coal is, doubtless, in the former instance inferior, 
but the result shows that there are engines in the 
country consuming upwards of ten times the quantity 
of coal that is needed for the work accomplished 1 

At the beginning of the century, it was proposed by 
Bull, to omit the heavy beam, or hoh^ which constitutes 
a great part of the dead weight of the common pumping 
engine, to place the cylinder over the shaft, and connect 
the piston-rod, working through the bottom, directly 
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with the main rod of the pumps. The Bull-engines 
have been erected at many mines, but have failed to 
compete with the others. Of late years, several have 
been established at collieries in this country and abroad, 
but their effective performance is doubtful. Another 
modification is just now in fashion in the coal districts, 
although condemned, after long experience, in Cornwall, 
viz., that of inverting the cylinder and placing the 
beam below it But the piston-rod can hardly upon this 
system be so well lubricated, nor the stuffing-box kept 
in equally good condition, and the asserted saving in 
the building of the engine-house seems at best to be a 
very questionable piece of economy. 

The fearful loss of life occasioned by the fracture of 
the main beam at the Hartley Colliery, has been the 
cause of further attention paid to that part of the engine ; 
and several methods of substituting wrought for cast 
iron have been applied. At Clay Cross, the beam of 
the new 84-inch engine is formed of two slabs of rolled 
iron 36 feet long, 7 feet deep in the centre, and 2 inches 
thick, the two braced by strong cast-iron distance- 
pieces bolted between them, the whole beam weighing 
32 tons. At North Seaton and Cambois, near New- 
castle, and at East Caradon, and other mines in the west^ 
beams have been variously built of boUer plate and 
angle-iron ; but it yet remains to be seen, what mode 
of construction will best ensure that rigidity which 
cast iron, with all its faults, must be acknowledged in 
a high degree to possess. 
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CHAPTER XVL 

LIGHTING OF THE WORKINGS. 

The collier, in descending to his work, seldom needs to 
carry a light through the shaft A few seconds, when 
the machinery is good, or minutes where it lacks power, 
are sufficient to land him at the bottom, either in the 
dense gloom of a pit eye, rendered barely visible by a 
candle, or a safety-lamp, or, according to the circum- 
stances of the colliery, in a busy scene of activity, well 
lighted by oil lamps or even by gas. Here, or at some 
station not far in-bye, he will light up, and, after a 
little delay, in order to accustom the eye to the darkness, 
proceed on his inward way. 

The lamps of the well-known classical form, of which 
the Romans have left us numerous examples in bronze 
and terra cotta^ survive in many of our modern under- 
ground workings, but especially in the metal mines of 
the Continent. In the collieries more generally their 
form has been changed to one with a globular, cylin- 
drical, or conical oil-holder, and with a much smaller 
wick than would be used in the Roman lamp. The 
Scotch and some of the Saxons employ a little metal 
oil-lamp, with a hook on one side, by which it may be 
attached to their cap when travelling in low places on 
hands and feet, or when climbing ladders. In pits 
about Mons, in Belgium, an oblate form is preferred, 
resting upon a strong iron spike, by which it may be 
fixed into wood, or into the coal itself, at the required 
point of work. Lamps of this kind may be constructed 
to give a very tolerable light with vegetable oils, at the 
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cost of' from three farthings to one penny for eight 
hours. Within the last two years, lamps for burning 
petroleum and paraffine oil have been proposed, and a 
splendid light has been obtained, but coupled, in the 
examples which I have tested, with a disagreeable 
odour very objectionable in narrow excavations. 

Our English colliers (as also some of those in Saxony, 
&c.) have more commonly been lighted at their work 
by tallow candles, which, for ordinary work, are from 
twenty to twenty-five to the pound, but for fiery col- 
lieries, used to be so thin as to weigh thirty and even 
forty to the pound. The candle is either fixed in a 
holder, with a spike at the end, or is attached by soft 
clay to the place whence it best throws a light on the 
work ; if it be used in a draught of air, a shield of wood 
is placed behind it to prevent its " swealing." Before 
the successful introduction of the safety-lamp, it was 
the regular practice to test the presence of fire-damp in 
the working stalls and in the wastes by the appearances 
of the flame of a candlo ; and skilful, steady-handed 
pitmen acquired such a readiness in thus trying the 
gas, that they would sometimes almost play with it 
when standing within a hair's-breadth of destruction. 
The slim candle is for this purpose neatly trimmed, and 
then held out, shaded by one hand, so that the top of 
the flame can be more clearly watched. On being ad- 
vanced gradually upward in a place where fire-damp is 
lodged, the flame is seen to elongate, and to assume a 
blue colour, more or less pure, according to the nature 
of the gases present; sometimes, indeed, if the car- 
buretted hydrogen be much mingled with carbonic 
acid, nitrogen, &c., the " cap " of the flame will exhibit 
a grey or brown tint ; and such variations will be fre- 
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qaent in the mingled imparities of the ^' retom '' air- 
oonrses. As some varieties of fiery gas are '^ quick " 
in comparison with others, it needs a cool head and 
unswerving hand to lower the candle again with the 
requisite stillness, when once it had shown too dan- 
gerous a cap. It seldom happens that the candle is 
now used for this purpose, unless to test the presence 
of the enemy in places caoable of storing only a small 
quantity. 

Towa^ the end of the last century, when it was 
attempted more and more to work in places infested 
with fire-damp, various substitutes for the old method 
of lighting were tried. The reflection of the sun's rays 
firom a mirror was capable of throwing a sufficient light 
forward for some little distance Irom the shaft for the 
accomplishment of certain work about the pit-eye, but 
was inadequate to penetrate far into the workings. A 
premium attached to those men who could work best 
in the dark, for driving some dangerous place into 
which no candle could be taken. The steel-mill was 
then invented by Spedding, of Whitehaven, and ac- 
quired a considerable popularity. In this instrument a 
disc, with periphery of steel, is made to rotate rapidly 
by means of cog-wheels and a hcindle, whilst a sharp 
flint is held against the steel edge, and a succession of 
sparks is given oflF, which jield a feeble irregular radi- 
ance. One person had to turn the mill, whilst another 
plied the pick ; and yet, in spite of its costliness, its 
miserable glimmer of a light, and its having distinctly 
caused several explosions, no other means of illumina- 
tion could be employed ; and it made so many friends, 
that even in 1822 it is described by a pitman as "an 
excellent instrument to travel dead waste with, because, 
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when in the hands of a judge, it discovers, by its various 
shades of light, where gas is, and where it is not" * 

The occurrence of very serious explosions in the 
county of Durham in the year 1812, led to the establish- 
ment of a Society fbr the Prevention of Accidents in 
Coal Mines, at whose meetings in Sunderland, in 1813, 
Dr. Clanny, of Newcastle, exhibited his first lamp, in- 
tended to give light in an explosive atmosphere, and of 
which a description was published in the Philosophical 
Transactions. In October and November, 1816, his 
lamp was tried in a fiery pit, whilst that of Sir 
Humphrey Davy is stated to have been first tested in 
practice only on the 1st January, 1816. But although 
thus early in the field. Dr. Clanny afterwards judiciously 
modified his lamp by applying to a part of it the 
invention of Davy. 

This great philosopher first visited some of the col- 
lieries in 1815, and, after an elaborate series of investi- 
gations, during that year and 1816, perfected the lamp 
which was to be so great a boon to the mining com- 
munity. It would be out of place here to refer at length 
to the successive steps of the inquiry which established 
the fact, that flame cannot be passed, except under 
pressure, through a wire gauze containing six, seven, 
or eight hundred holes to the square inch, and that 
hence the explosive mixture might ignite inside a gauze 
cylinder without commxmicating the flame to the gas 
outside it. The standard which was fixed on as the safe 
limit was a gauze with 28 iron wires to the linear inch, 
or 784 apertures to the square inch. A lamp of 1^ inches 
to If inches diameter was at once found to be safe in 
the most inflammable air of the pits, so long as atten- 

• " The Piimau'fl Infallible Guide." Newcastle : 1822. 

K 
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tion was paid to the caution which he inculcated, that 
it must not be exposed to a rapid current, or allowed 
to become red-hot from the combustion of the gas 
within it. Mr. Buddie showed that it thus became 
unsafe if exposed to a current of more than 3 or 4 feet 
per second, and Dr. Pereira proved that flame could be 
passed through the gauze, if the lamp were subjected 
to a sudden jerk. It is hence manifest, that, as stated 
by Davy himself, this is an instrument of perfect se- 
curity only in careful hands, and that it should be 
guarded by a shield when exposed to a rapid current of 
explosive air.* 

In the long series of years that have elapsed since 
the first safety lamps were sent down to the northern 
coalfields, a very small number of accidents has been 
traced 'to the lamp itself, and many of the alleged cases 
are doubtful. Its thorough efficacy has been daily 
tested, not only where it is employed for inspecting the 
working-places the first thing in the morning, or for 
travelling-places of known risk, but in many instances 
for the working of a large portion of, or even the entire 
area of a pit. And, indeed, it is like an effect of magic 
to pass, with the safety-lamp in hand, into a fiery stall 
or along the edge of a goaf, and to walk unscathed in 
the midst of an explosive compound, whose deadly 
power would dash you to pieces if there were but a wire 
awry in the gauze. Abundance of warning is given by 
it ; and as the quantity of gas increases, the flame, at 
first elongated by a blue cap, flashes into an explosion 
within the lamp, more or less flerce according to the 
mixed nature of the air. When the carburetted hy- 
drogen is mixed with conunon air in the ratios of from 

* Attention has of late been re-directed to this source of risk, and 
several modified lamps have been brougbf forward in consequence. 
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1 to 4 partSy to 1 to 12 parts, it is highly explosive ;, 
whilst below and above that proportion it bums quietly. 
But if the fire-damp burn in it until the gauze becomes 
red-hot, it is time to withdraw the lamp steadily from 
the place, or to extinguish it either by dipping it gently 
into water, or by drawing down the wick with the 
trimming wire. 

The chief objection to the Davy lamp consists in its 
small amount of light, which leads the coUiers, who are 
paid by the quantity of coal which they cut, to substi- 
tute, when they imagine they are safe, the open light 
of a candle, or of the lamp, with the gauze removed. 
So many serious accidents have arisen &om this cause, 
that a vast number of modifications of the original 
lamp have been brought forward, some for the purpose 
of obtaining a fuller light, others with the object of so 
locking the gauze to the lamp, that the colliers shall 
be unable to take them asunder, or shall only do so 
with the certainty of putting out their light, or of being 
detected. 

It would occupy too much space to describe the 
various contrivances which have been proposed for these 
purposes, but it is essential to notice a few of the safety- 
lamps which have come into extensive use. 

1. The ordinary Davy-lamp, as most commonly em- 
ployed in this country, a. Fig 38. The cylinder of iron 
wire gauze is fixed to a brass ring, which screws on to 
the oil-vessel. Its upper portion is double, in order to 
guard against the eflect of the heated gases passing off 
from the combustion. It is guarded externally by three 
strong wires, or rods, attached at the top to a metal 
roof, above which the loop is placed for carrying or 
suspending the lamp. A thin wire, for trimming ^^ 
wick, passes rp through a close-fitting tube froir 

k2 
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bottom of the oil-vessel. It is commonly locked by a 
bolt, tm-ned by a simple key, till its head is sunk even 
with, or below, the surface of the metal where it is 
inserted. A part of the circumference is sometimes 
protected by a curved shade of tin or horn, mado to 
slide upon the protecting bars. The usual cost is 65. 6rf. 
to 7s. 6d., and the weight about 1 lb. 6 ozs. 

2. Clanny's lamp. The lower part of the gauze is 
replaced by a cylinder of thick glass, well protected by 
vertical bars. The feed air has to enter the lamp 
through the gauze abov6 the glass ; hence, what with 
the imperfect combustion, and the thickness of the 
glass, the light given off is not much greater than that 
of the common Davy, whilst the weight is double ; and 
the risk alleged to attend the use of the glass, has 
added to the objections made to its common employment. 

3. Lamp by Dubrulle, of Lille. This is a Davy, pro- 
vided with a locking-bolt, so connected with an arm 
which lays hold of the wick, that if the oil-vessel be 
unscrewed from the gauze cylinder, the effect is to draw 
down the wick and extinguish the light. This and 
other analogous contrivances would be efficacious if the 
men could be prevented from taking with them lucifer 
matches ; but as long as it is in their power to strike a 
light at will, the only real detection which has been 
applied seems to be a Belgian method of locking with 
a pin of lead, which, when put in its place by the lamp 
trimmer, has a device punched upon it. The lamp 
cannot then be opened without breaking the pin. 

4. Stephenson's lamp, b, Fig. 38. The " Geordie,^' as 
it is called after its inventor, George Stephenson the en- 
gineer, is made of rather larger diameter than the Davy, 
but has the' additional safeguard of a glass cylinder, 
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STirmounted by a cap of perforated copper within the 
wire gauze. The feed air enters by a series of small 
orifices below the cylinders; and, in order that the 
light may burn well, it is important to hold the lamp, 
or suspend it, when at work, in a perpendicular position, 




Fig. 38. Safety lamps. Scale, one-third trae size. 
A, Davy's, in elevation. B, Stephenson's, in section. C, Maeselei's. 

In the sections the dotted lines are wire-gauze, the parts shaded with obliqne lines are 

glass, the strong black lines sheet metal. Hie arrows represent the direction of 
te air-cmrents. 

and to guard against these small feed-holes being 
clogged with oil and coal-dust. The glass is a preserva- 
tive to the wire-gauze, and even should it be broken, 
leaves the lamp still safe. It is moreover free from the 
risk of overheating, since, when the air becomes highly 
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explosive, the light goes out. A good many of these 
lamps are employed in certain British collieries, and 
when carefully treated and watched, give good results, 
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Fig. 89. Safety lampa. Scale, one-third true size. 

D, Boty's, E, Eloin*B. F, Eloin's Mueseler. 

Tlie dotted lines are wire-ganze, the parts shaded with oblique lines are glass, the 

strong black lines sheet metal. 

which compensate for the extra weight and cost as 
compared with the Davy. 

5. Boty's lamp, d. Fig. 39. A royal commission, ap- 
pointed in Belgium to take into consideration the means 
of lighting fiery collieries, recommended, in addition to 
the simple Davy, this and the three following. In Boty's 
a good light is given throusfh a short glass cylinder, 
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surmounted by a wire-gauze chimney, the feed air being 
admitted through a series of minute perforations a little 
below the level of the flame. The same precautions 
must bo taken with regard to these minute orifices, as 
in the Stephenson. I have seen these lamps in use 
near Charleroi, where the agents expressed themselves 
well satisfied of their security, if the cylinder be made 
of properly annealed glass. 

6. Mueseler's lamp, c. Fig. 38. This consists also of a 
glass cylinder below, and wire-gauze above ; but, by the 
insertion of a central metal chimney opening a short 
distance above the flame, so strong an upward draught 
is produced by the heated gases, that the feed air is 
drawn briskly down from the wire gauze, and passes by 
the inside of the glass to the wick, thus keeping the 
glass cool, and insuring a superior combustion. Up- 
wards of 20,000 of these lamps are said to be in daily 
use in Belgium, and I am assured by M* De Vaux, en- 
gineer-in-chief, that no accident has been traceable to 
their failure, although they have now been introduced 
for many years. The glass is of course subject to frac- 
ture, and its average life is eighteen months. The full 
light which they give, removing, as it does, the temp- 
tation of opening the safety lamps, is a strong point in 
their favour ; and they have l)een employed with success 
by Mr. Lancaster, at collieries in Lancashire, and by 
Mr. Tylden Wright, at Shireoaks in Nottinghamshire. 
At the latter colliery, where they have been introduced 
for nearly five years, and are charged 55. Sd, each, I 
learn that for six months 383 Mueselers had been in 
daily use, and consumed 1 gallon of refined rape each. 
In that period 69 glasses had been broken. A great 
convenience is, their not being affected by an amount 
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of draught sufficiently strong to blow ont the common 
Davy ; and some viewers hold it to be an advantage, 
whilst others object, that it goes ont when the air be« 
comes highly explosive. 

7. Eloin's lamp, e, Fig. 39. This arrangement, pro- 
posed by M. Eloin, of Namnr, about 1850, admits the air 
through a ring of wire gauze under an argand cap, 
surrounding the wick. Above this, the light is given off 
through a glass cylinder, formed in such a curve exter- 
nally as to difiuse the rays. The upper part of the lamp 
surmounting the glass is a brass tube, covered at the top 
with wire gauze. A brass reflector slides up and down 
the protector bars, serving both to throw the light 
downward when needed, and to guard the glass against 
dropping water. An admirable light is given by the 
Eloin, but it requires to be carried in careftd hands, 
since it is very apt, in rapid movement, to be suddenly 
extinguished. 

8. Mueseler's lamp, modified by Eloin, f. Fig. 39. 
The combination of the principles of the two above 
lamps is clearly seen in the section. 

The comparison of the various safeiy-lamps has ac- 
quired a new significance during the last few years. A 
number of systematic experiments have been carried 
out at various places in Great Britain, and also on the 
Continent, to determine the limits of danger when the 
lamp meets a current of air at too high a rate of velocity. 
Already Davy and Buddie had pointed out this source 
of risk, but the question had been allowed to slumber ; 
and now, when it was announced by careful experi- 
menters that the Davy would pass the flame if it were 
moved with a speed of 8 feet a second, and that all the 
other lamps hitherto thought safe could not endure a 
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greater velocity than from 8 feet to 12 feet per second, 
it seemed alarming that no sufficient protection could 
be relied on in circumstances that must often occur* A 
rapid current of air in some part of the returns, a person 
walking hastily against the wind, a fall of the roof, a 
blower of gas, or even the stumble or jerk of a careless 
person might ignite the gas and cause explosion. Hence 
more than ever it seemed needful to take precautions, 
and at once to attack the problem of rendering the 
lamp more secure. 

A host of new lamps have been brought forward, of 
which several have withstood successfully the ordeal of 
high velocity. Among these are Morison's, with two con- 
centric glasses, between which the current of air has to 
find its way to the wick ; Williamson's, also with double 
glasses, and feed air entering from below, as in the 
Stephenson ; Bainbridge's, also fed from below ; Hann's 
and others, in which the t)rpical Davy, Olanny, and 
Stephenson have been modified, with extra safeguards 
to check the passing of the flame. Some of these, in 
which glass forms a large part of the construction, give 
a very good light; others are not approved because the 
checking of the air current prevents their burning 
briskly. Some inventors have addressed themselves to 
the greater security of the lock, as in the ingenious 
device patented by Craig and Bidder, for the lamp 
which can only be opened when placed over the poles 
of a powerful magnet. Others have, for economy's sake 
as well as for a good clear light, employed mineral oils, 
introducing them under the misleading name of Col- 
zaline, as in Teale's " Protector," a lamp now in ex- 
tensive use, and of which the general form is a modi- 
fication of the older types, especially of the Mueseler, 
giving in some respects excellent results. 

K 3 
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Meanwhile, the Belgian Government has repeatedly 
given consideration to the subject, and the King, in 
June, 1876, issued a decree, in which the Mueseler lamp 
alone is permitted to be used in fiery collieries. The 
employment of mineral oils is interdicted ; and only 
three modifications of the typical lamp are to be allowed. 
This important document is completed by a series of 
full-sized figures of the several lamps which are thus 
sanctioned by authority. 

Experiments on various lamps are recorded in the 
Ann. des Travaux publiqtiesy tom. 31, and in the " Trans. 
No. Inst, 1868." 

It is worthy of notice that whilst at present a great 
diversity of opinion obtains among our British colliery 
managers as to which is the best safety lamp, a very 
large majority adhere to the Davy as being the most 
sensitive lamp by which to test the presence of fire-damp. 

To detect this gas when in minute quantity. Prof. 
Forbes renders it observable by the instrumentaliiy of 
the sound given by a tuning-fork,* and E. H. Liveing 
has exhibited to the Engineers at Newcastle a beautiful 
little apparatus, in which the comparative illumination 
of a screen by a coil of platinum wire acted on by a 
magneto-electric machine will indicate J or even J per 
cent, of gas. 

With regard to the employment of safety lamps, 
there can be but one opinion of their value in testing 
the condition of the working-places before the men are 
admitted to them of a morning, and in the examination 
of those parts of a colliery not visited by the ordinary 
collier, where fire-damp may be expected to be present, f 

* British Association, Dublin, 1878. 

t Though it is not yet used in practice, I would mention the " firo 
damp indicator'* of 3Ir. Ansell, of the Royal Mint, in which the diju'^ 
tion of gases is made to indicate gas by an index hand on a dial. 
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But, as respects their introduction throughout the 
workings of a pit, the question is somewhat complex. 
It is apt to be the case, that if one precautionary 
measure be fully installed, another is neglected, — that 
when safety lamps are adopted for the entire operations 
of a mine, the ventilation is no longer a subject of the 
same attention ; and unless there exist good local reason 
for it, it is obvious that the protection by wire gauze 
against present fire-damp is a less desirable kind of 
security than that of drowning the enemy in a full ven- 
tilating current, and sweeping him bodily away. Where 
the gas, however, is not merely given off continuously 
from the surfaces of freshly-cut coal, but bursts out 
from time to time in sudden blowers, the general use 
of safety lamps is imperative ; and on such occasions, 
when for a short time the best ventilated workings may 
be " fouled," or rendered explosive, the lives of all in 
the pit will depend on the proper condition of the 
lamps, and on the obedience to discipline of those men 
who are interposed between the point of outburst and 
the exit to the surface. Similarly, in the working of 
pillars, where, with the movement of the ground, fire- 
damp may exude either from the roof or floor, or may 
be forced by a fall from the magazine in which it has 
been collecting, safety lamps are indispensable. It 
commonly occurs, that although such may be the case 
in portions of a coUiery, other parts, and especially the 
ordinary narrow work in whole coal, may be safely con- 
ducted with open lights. Here it will be necessary to 
fix on certain limits within which safety lamps alone 
are to be employed, and to make it a stringent rule 
that no naked light be allowed to pass beyond a definite 
point in the roads. In Fig. 19, the bords, on the north, 
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are worked with candles, the pillars, adjoining the goaf, 
with safety lamps ; a special door is fixed upon as the 
place, beyond which no open light is allowed to be car- 
ried; and the course of the ventilating current, led 
backward and forward three times, as seen by the 
arrows in the figure, is so contrived as to guard against 
any communication of gas from the dangerous por- 
itions to the bords. 

In no department of mining is a strict discipline and 
attention to orders so momentous as in this, — the ques- 
tion of lighting. The misplaced confidence, which is 
the result either of ignorance, of hardihood, or of long 
impunity, has led to the sacrifice of thousands of colliers, 
the innocent often suffering with the guilty ; and among 
the most useful of the innovations of the governmental 
inspection is, that of giving authority to the code of 
rules to be established for every pit, and thus of pro- 
tecting the majority of the men, the steadier workers, 
against the few reckless ones, who, choosing to act 
for themselves, steal in secret the luxury of their pipe, 
or some extra light, at the risk of their own and their 
comrades' lives. 



CHAPTER XVIL 

VENTILATION. 



It needs no argument to impress on those who know 
the necessity of ventilating our public and private 
rooms, that it is in a high degree essential to take 
thought for the replacement of vitiated by fresh air in 
the low and often-complicated chambers of coal mines, 
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where many men and horses are engaged in hard work^ 
and where numerous lights, with gunpowder smoke 
and dust, aid in contaminating the atmosphere. But, 
in the workings of a colliery, additional causes come 
into play ; a slow, yet constant change takes place in 
the surface of the substances exposed to the air, and 
the general result is, the absorption of oxygen ; a large 
amount of watery vapour requires removal ; the poison- 
ous gas, carbonic acid, is frequently given off; and, 
more commonly, the insidious fire-damp, or carburetted 
hydrogen, exudes from the surfaces of the bared coal, 
or sometimes bursts from it in violent jets. The amount 
of air required for the health and safety of the men 
will therefore vary much in different localities, according 
to these unequal conditions ; and whilst, in some cases, 
the slightest movement of air may suffice to keep a 
small colliery salubrious, in fiery coals worked over a 
large area an actual whirlwind must be forced through 
the principal passages in order to sweep away the 
noxious exhalations. 

Notwithstanding the undoubted phenomena of the 
diffusion of gases, their intermingling in the chambers 
and drifts of mines is only partial, and the specific 
gravity of the gaseous bodies is practically a very im- 
portant guide in testing their presence, and enabling 
them to be dealt with. Thus, carbonic acid (COj), 
with a specific gravity, as compared with air of 1-524, 
tends to occupy the deeper parts of excavations, and 
renders it unsafe, when they have been disused, to 
enter them without precaution. Sulphuretted hydro- 
gen (HS) here and there evolved continuously, very 
poisonous, but readily defected by its offensive smell, 
is also slightly heavier than air ; carbonic oxide (CO), 
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most deadly, but occnrring rarely from natural caiises^ 
is 0*970. Fire-damp, or light carburetted hydrogen 
(CH4), the grisou of the French miners, has a speciiSc 
gravity of 0*555, and is therefore commonly found to 
float along the upper portion of levels, to escape of 
itself from workings carried downhill, and to lodge in 
hollows or the higher parts of excavations. If mingled 
with air in the proportion of ^oth to iVih, it may be 
detected by the " cap *' on the flame of a candle or 
lamp. K in larger proportions, it becomes explosive, 
and is most violent when it forms ith or ^th of the 
mixture. The presence of carbonic acid greatly re- 
duces the explosive property. When there is as much 
as \\h of the gas, it bums without explosion, and a still 
larger proportion causes suffocation. In fiery seams it 
may be observed exuding from the freshly-broken sur- 
faces with a hissing sound ; and if in large quantity, 
as with " blowers," or sometimes near faults, with a 
rushing noise, like the steam from a high-pressure 
boiler. Under these last circumstances it will rise 
through a column many yards high of water, and 
numerous accidents have occurred through a forgetftd- 
ness of this property. Some of these blowers wiU be 
exhausted in a few minutes, others will last for years, 
—like that at Walisend, which gave off 120 feet of gas 
per minute — and may be then piped off and burned at 
the pit bottom. The evolution of the gases from the 
coal is greatly affected by the pressure of the atmo- 
sphere, a notably larger amount being emitted when 
the barometer is lowj and hence that instrument 
becomes a useful adjunct in judging of the amount of 
ventilation needed at different times. 
For the due ventilation of a colliery, it is therefore 
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not sufficient to snpply air enough for the breathing 
of men and horses and the burning of lights 5 but we 
must provide for the sweeping away of the products of 
breathing and combustion, for the removal of the 
gaseous results of blasting and of the decomposition 
of vegetable and animal matter; for the cooling of the 
excavations where the temperature is high partly from 
depth and partly from chemical change ; and, lastly, 
for the dilution of the gases exuding from the coal. 

In round numbers, 100 cubic feet of air per minute 
may be required for the health and comfort of each 
person underground, or for 100 men 10,000 cubic feet; 
but if fire-damp be given oiff— say at the rate of 200 
cubic feet per minute — ^we should need at the very 
least thirty times that amount of fresh air to dilute it, 
or 6,000 cubic feet in addition. Increase the number 
of men and liability to gas, and 40,000 or 60,000 cubic 
feet of air may be indispensable for safety. Hence, we 
may point out once for all that no system of pipes can 
ventilate a mine, and that the large volumes of air re- 
quired must be introduced through the drifts or work- 
ings themselves. 

The subject now divides itself into two parts — first, 
the production of a current or " draught ; " secondly, 
the distribution through the workings of the current so 
produced. 

A spontaneous ventilation is produced by natural 
causes, which may always greatly assist, and, in some 
cases, may be sufficient for all purposes. To account 
for this on the simplest principles, let us observe what 
happens in summer and in winter with a diagrammatic 
working connecting two shafts of different depths. 

The temperature of the rock is found, as we descend| 
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to increase 1° Fahr. for abont 60 feet of depth. Hence 
the air in workings of moderate depth will be in snm- 
mer cooler, and in winter warmer, than the air at the 
enrface. And as air expands in warming — and we 
know by Mariotte's law that the preaanres of the gases 
are in an inverse ratio to their volumes — the colder 

column will preas upon 

i and displace the warmer. 
If, then, we compare the 
two cases, we shall find 
that in summer (Fig. 40) 
the deep shaft A o com- 
pared with a column, B e, 
of equal height in and 
above the shallower shaft 
will be the cooler and 
heavier of the two, and 
will establish a current 
in the direction of the 
arrows. In winter the 
effect will be reversed, 
it-^h and the wanner air will 
' p"^ be expelled from the top 
'•■■ of the deeper shaft. 

But at certain seasons 
— and especially if the 
shafts are not very dif- 
ferent in depth — there will be equilibrium between the 
two, or, in other words, the ventilation will be checked 
or cease. 

Under these circnmstances we may artificially in- 
crease the difference of temperature — which is in fact 
the measure of the ventilating power— either by build- 
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ing a tower to lengthen the colnmn of one of the shafts, 
or by lighting a fire in it for the purpose of expanding 
and lightening the air. 

In early days it was usual to build a stack over the 
pit, and to attach to it a furnace accessible at the sur- 
face through doors ; and in small pits, either this mode, 
or that of suspending a fire-lamp in the shaft, may 
perform useful service ; but if a really large volume of 
air be required, we must heat the full height of the 
column in the upcast shaft, and by good brick lining, 
and prevention of the dropping of water, obtain a 
maximum effect in the greatest possible difference of 
temperature between the upcast and downcast shafts. 
Under favourable circumstances, spontaneous ventila- 
tion may be made to pass many thousands of cubic feet 
of air per minute through a colliery; but where the 
pits are deep and in good order, the quantity may be 
enormously increased by the application of a furnace at 
the bottom, or, if it be needed, by two, or even three, 
ventilating fires playing into the same shaft. For this 
purpose a furnace is usually placed in the plane of the 
seam, from 5 to 10 feet in width, and with fire-bars 
about 6 feet in length ; the arch is built in fire-brick, 
and well isolated from the coal, the height above the 
bars being 3 to 5 feet, and below them 3 to 4 feet. 

From the furnace to the shaft a gently-inclined 
pdi&8B,ge— the /umace drift — leads the flame and heated 
air upwards; whilst if the return air be apt to he/ouly 
it may be led through a higher passage — the dumb 
drift ^into the shaft at such a height above the mouth 
of the furnace drift as to secure the gas from firing, 
and the furnace will then be fed either with a safe 
portion of the returns, or with a " scale " (a small 
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current) of fresh air from the downcast shaft. For 
perfect combustion, the coal should be thrown on fre- 
quently, and should form a thin fire; and thus an 
average temperature of 140^ to 160° Fahr. may be ob- 




Fig. 41. Yendlstiiig furnace, in loogitadinal and cnns section. Scale, f-indi to 1 foot. 

tained in the upcast shaft, which, if we take an average 
of 60° in the downcast, will give a difference of 60^ or 
80^ Fahr., on which the ventilating power may be 
calculated. 

The quantity of small coal consumed in such fbmaces 
varies from 2 to 5 tons per twenty-four hours ; and 
the volume of air passed — ^which may be from 15,000 
to 150,000 cubic feet per minute— depends in a great 
measure on the diminution of the resistance offered by 
friction in the workings. 

In order to obviate some of the short-comings of the 
common furnace, such as the difficulty of increasing its 
power when circumstances demand it, and the inter- 
ruption of its work caused by cleaning, new furnaces 
have been erected at Hetton^ at the suggestion of 
Mr. John Daglish, which are 26 feet in lengthy so as 
to allow either the shifting of the place of the fire, or its 
increase ; whilst by a series of doors, the admission of 

• V. paper by Mr. Dagliah. Trans. Kortli. Inst Min. Eng. Vol. ix. 
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the air may be regulated according to conditions, either 
above or below the fire-bars. The enormous volumes of 
air actually circulated by these means, and the facility 
and certainty of its action, have obtained for the 
furnace a decided preference in all our deep British pits. 

A vast number of mechanical contrivances have been 
employed in mines sometimes for forcing in air, but 
more commonly for drawing it out from the workings, 
and thus establishing a constant current It would 
need a volume fairly to describe them, and we can here 
only glance at a few of those which have been most 
largely applied in practice. 

The WATERFALL, formed by turning a special stream 
into the downcast shaft, or by allowing the pump- 
cisteras to run over, is a useful auxiliary, especially 
for driving in air after an accident. 

The AIR-PUMP — employed at a very early period in 
the mines of the Hartz — ^has been, on a magnified 
ecale, adopted at many collieries, especially in Bel- 
gium. It has generally had pistons working in cylin- 
ders of from 6 to 10 feet in diameter, placed some- 
times vertically, sometimes horizontally. The valves 
have had to be complicated from being very nume- 
rous, and from being fitted with counterbalances, 
attached by light levers, in order to diminish the 
resistance. A great diminution in friction has been 
obtained by making the piston in the form of a 
gasometer, plunging with its sides in a ring of water. 
This latter plan has been carried out on the largest 
scale in Mr. Struv6's ventilator, now working at many 
collieries in South Wales. His piston is a close-topped 
wrought-iron bell, of 12 to 22 feet in diameter, work- 
ing up and down in water ; and by means of ranges of 
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valves above it and below, placed in the walls of the 
piston-chamber— drawing in, and forcing out, air ai 
each np and each down stroke. The action will readily 
be seen from the adjoining figure, in which the piston 
is making its down stroke. These machines are usually 
composed of two such pumps, worked hy a steam- 
engme, and are capable of givmg a theoretical amount 





^^^^»^i^^^^^^^^^ 
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Fig. 42. Stniv€»g ventilator. Scale, J-inch to 10 feet. 

of 20,000 to 100,000 cubic feet of air per minute. Their 
cost is about £200 per calculated 10,000 cubic feet 
Horizontally-working pistons in prismatic chambers 
were erected in 1828 by M. Brisco, near Charleroi, and 
on a larger scale by M. Mahaux in 1861. One applied 
to the colliery of Monceau Fontaine, by Scohy in 1861 
was capable of extracting 45,000 cubic feet per minute! 
These are all greatly exceeded by Nixon's ventilator* 
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now working at the Navigation Pit, near Aberdare. 
Its sheet-iron pistons — 30 feet by 22 feet, or no less 
than 660 feet area each — are supported on wheels 
traversing on rails a stroke of 7 feet. The chambers 
are fitted, as in Struv6's machine, with flap valves 
1 6 inches by 24 inches, and 672 in number. At nine 




Fig. 43. Kixon^s ventilator, Aberdare. Scale, 2-inch to 10 feet. 



strokes per minute, the theoretical quantity of air ex- 
pelled would be 166,000 cubic feet per minute ; but a 
large reduction has to be allowed for leakage. 

Fans. — These instruments, with straight radial vanes, 
werO abundantly used in the German mines in Agri- 
cola's time, about 1550. Similar machines on a larger 
scale, 8 to 22 feet in diameter, vertical or horizontal, 
have been applied at several collieries ; but from their 
leakage, and the considerable velocity needed, have not 
given very good results. 

M. Guibal, of Belgium, commencing about the year 
I860, devised and erected several examples of an im- 
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proved fan of from 20 to 28 feet in diameter, and 6 to 
10 feet wide. The figure shows its form and the great 
imppoyement of casing it in, and providing a slido 
valve to a pwt of the casing to meet the varying con- 




sole, 1 Incli to 10 fe 



ditiona of a mbe. The stack, expanding ontwards, is 
stated to connteract to a great extent the loss dne to 
the high velocity given to the air by the vanes ; and 
experiments made on the machines erected at BuUy- 
Grenay, near B^thone, and Montceau-Fontaine, near 
Charleroi, have shown a useful effect of 30 to 50 per 
cent, from the steam in the cylinder, and 60 to 70 per 
cent, of the force transmitted to the axle," 
M. Lemielle has devised a very ingenious ventilator, 
• Between IBGS and 1880 upwarda of 200 of these fans, some np 
to 10 and 50 ft- diameter, have been put to work in the north. 
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now at work in many Belgian and French pits, and at 
Ashton Vale, near Bristol, where it has acted satis- 
factorily for above ten years with very little necessity 
for repairs. Within a large cylinder of brick, wood, or 
Bhect-iron, a smaller drum is placed excentrically, and 




Fig. 45. Lemielle's Tcntilator. 

made to revolve. On the surface of this drum are two 
or more valves or shutters, which, by means of iron 
rods moving freely round an elbowed axis in the centre 
of the large cylinder, lie close to the drum in one part 
of the revolution, and open out in another. The section 
shows by the arrows how the air will thus be expelled 
by the shutters as they approach the point of outlet.* 
Fabry^s machine is another — on the fan principle — 
much approved on the Continent. Two axes, each 
fitted with three very broad blades (6 to 10 feet), 
revolve in opposite directions, and each blade is formed 
with a cross arm, so curved as to give close contact 
during revolution, and thus prevent communication 

♦ The last few years have been fruitful in the erection of some 
large Lemielles in this country, and of sundry other machines on the 
centrifugal principle, as those of Waddle, Lambert, &q., and the suc^ 
cossf ul ventilators of Schiele and Cooke. 
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from within to the external air. Above half of the 
circomference of these fans fits closely within a casing 
of brick or wood, and the foul air, when the machine is 
employed for exhaustion, is taken by the blades on 
approaching the lower part of their circle of revolution, 
is carried on each side outward, and ejected on passing 
the upper limit of the curved casing. The moderate 
velocity at which it may be driven, and its durability, 
have obtained this machine a good name. 

little more than a dozen years have elapsed since a 
vigorous attempt was made, under the impulse of a 
most injudicious parliamentary committee, to substitute 
f6r the ftimace the mechanical action of steam jets. 
The subject was elaborately tested in practice by Messrs. 
T. E. Forster, Nicholas Wood, and others, and it was 
clearly shown that high-pressure steam, generated 
either at surface or underground, and allowed to escape 
from a series of small jets — ^say thirty to forty in num- 
ber, and from ^^^th to ith of an inch in diameter — ^was 
capable of doing good service, especially as an auxiliary 
at times of accident ; but was utterly unable to compete 
in economy with the fdmace. 

In selecting our ventilating power, it must be remem- 
bered that the great object is to obtain a large volume 
of air at moderate velocity, and that on this account 
most of the simple fans, and certain other classes of 
machine which have to force the air through insufficient 
valve room, give it an unnecessary velocity, which, in 
other words, means increased resistance, or diminished 
ventilation. 

Furthermore, that whilst the ftimace exerts its fullest 
advantages in deep and dry upcasts, to which the air 
travels through roomy windways, the mechanical ven- 
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tiifttors may be most properly applied at pits where 
tliese conditions are reversed. 

Let us now consider the distribution of the air 

through the workingB, remembering that without dae 
attention to its details we may have a storm of ven- 
tilating wind in the shafts, and yet a deadly stagnation 
in the interior ; or one portion of the pit safe and whole- 
Bome, another foul, and verging on explosion. 

First of aUi the means of carrying the air current up 
to or near the place where the men are employed, con- 
sists in cuttmg a drift or wmdway across from one 
working spot to another, and as we 
advance, closmg the old openmga 
by doors, or stoppings^ so as to force 
the air through the required pas- 
sage only. To take a sunple case , 
Fig. 46 represents a pair of levels 
driven a short way oat irom a shaft 
divided by brattice into d and u, 
the downcast and upcast portions 
The pillar between tho levels is 
holed through by a *' thirl " at a, 
when the drift-ends are ad-vanced 
but little beyond that point Sub- 
sequently, when B has been thirled, 
a stopping is put mto A either by 
brick and mortar, or stowed rub- 
bish, or both , and ainularly when 
has been opened, b will be closed 
If, however, a thoroughfare for the sono i nffiioMte« 
men be required, so that a stopping is inadmissible, a 
door, or — ^where the ventilation is important — twc 
doors, or even three, are put up, so far apart that a 
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horse and trams can pass the one and have it closed 
after them before the second is opened. Thus, loss 
of air is avoided, and the tendency of the current to 
take the shortest way to the upcast is checked. In- 
deed, a watchful eye must always be kept on the in- 
take current d o, which constantly presses upon the 
barriers which divide it from the return e u, and leaks 
through all available openings, to the diminution of 
the ventilation in the inner workings. Doors and 
stoppages, therefore, require constant attention, or by 
a trifling leakage at each of them, a ventilating current 
powerful enough at the beginning of its run, niay lose 
all its force ere it reaches at half a mile or a mile or two 
distance, the locality where it is really needed. If, 
meanwhile, the coal should be so fiery as to render it 
dangerous to proceed above four or five yards without 
extra precaution, bratticing is employed as a temporary 
measure until the next thirl is holed. Thus, supposing 
in the Fig. 46 the end e alone is dangerous, a range of 
upright posts is erected between roof and floor, from 
the side of the pillar b c to within a short distance of 
the face at e, and brattice boards are nailed to them, 
dividing the level into two parts, and making the 
current travel as represented by the arrows.* A light 
door is generally added for the passage of the men or 
horses and trams. These features are shown in the 
section of the working of a 7-foot seam. Fig. 47, where 
the air passes up close to the man on the left, and then 
turns behind the brattice. 

A single current may thus be carried to the various 
working places, and brought back to the same or to 

* For temporary pnrpoBes a useful brattice-^^A is largely manu- 
factured by Mr. Darcy Lever^ of Bolton. 
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another sliaft ; whilst if the power be great, the air- 
ways roomy, and the doors and stoppings in good order, 
it will be maintained for a length of several miles 
withont serious loss. If the form of the works be such 
as that shown in Fig. 21, as a variety of " long-wall," 
a stream of air starting each way from the downcast 




Fig. 47. 

shaft will simply and effectually ventilate the mine. 

But the same method, generally applied as it used to 

be, years ago, to more complicated workings, is highly 

objectionable : it would leave the mass of the openings 

inside of the working " bords " dead or stagnant ; it 

would needlessly carry fire-damp from dangerous to 

otherwise safe places, and the body of air which in 

the morning went down into the pit fresh and pure 

would take till night to drag itself along some tweniy 

or thirty miles of drifc, and would visit all its later 

scenes of work overheated, clogged with dust and 

smoke, and laden with impurities. 

Spedding, about 1760, introduced the coursing of 

the air by twos or threes through the whole of the 

opened passages, and soon afterwards all the chief 

northern viewers recognised the importance of shorten- 

ing the runs, and obtaining larger volumes. For this 

it would be needful either to have more shafts, and 

work, as it were, several separate mines, or — ^what is 

more suitable when the shafts are ample enough — to 

split the air. This latter plan, by which a number of 

separate currents are obtained, is perhaps the greatest 

l2 
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improvement effected in the airing of pits, and when 
combined with the division of the area into panels or 
districts, has the advantage of confining danger, or the 
results of accident, within narrow limits. Take the case 
of a colliery having 12-feet shafts, and air- ways of 4 feet 
by 5 feet, or 20 feet area ; the shaft having 113 feet area 
will be fully adequate to pass the air required, not for 
one or two such air-ways, but for at least five. Each 
may then ventilate a different district, and they may 
be brought together again either at the upcast shaft, or 
into certam roomy return air-ways approaching it As 
we increase the area or number or power of the shafts, 
so the number of the splits may be increased, and since 
the resistance varies directly with the length of the 
road which the air current has to travel, and inversely 
as the sectional area of the passage, it is manifest that 
if the runs are shortened, and the air- ways increased in 
size, the same ventilating power will pass a larger 
volume of air. Keference to Fig. 19 will show this 
arrangement in a portion of the working of a large 
colliery. But the balancing of these splits requires nice 
management, or the air would tend to desert the longer 
for the shorter runs, and where inequalities in the 
length exist, it is necessary to put in regulators, which, 
checking the entry of the air into the shorter, may 
force it into the louger runs. It is upon such principles 
that some of the northern collieries succeed in passing 
through their workings the enormous volumes of from 
150,000 to 300,000 cubic feet per minute. 

When the workings assume this complicated form, 
the number of doors to be tended by trappers is never- 
theless greatly diminished ; but fi-equent crossings have 
to be made where one air-current is carried across the 
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course of another {see Fig. 19, c). Thus, the " returns " 
are generally made to mount oyer the intake drifts, and 
are divided from them either by timber or brick arch- 
ing, or boiler-plate (as at Kirkless Hall), or occasionally 
—for extra security — ^by being carried up to some 
height in the solid measures, so as, in the event of 
explosion, to prevent the risk of one passage being 
blown open into the other. 




Fig. 48. Air-croMirg. 

It is observable that in the more serious accidents 
from explosion a great majority of the sufferers lose 
their lives, not from the actual violence or fire of the 
blast, but from suffocation by the deadly after-damp 
consisting of the products of combustion. Most fear- 
ful is this when dependence has been placed on a 
bratticed shaft, the brattice is shattered, and the air 
passing down one portion and up the other, leaves the 
workings dead or without air, and the poor fellows who 
may have escaped the force of the actual explosion fall 
victims to suffocation. But independently of bratticed 
shafts, the same evil occurs in a modified form in every 
colliery, and due attention has very rarely been shown 
to so laying out the works, that in case of a blast suf- 
ficiently heavy to tlow out the doors and shake down 
the lighter class of stoppings, there may still remain 
between the downcast and upcast shafts a sufficiently 
long course of unbroken air-current to afford a better 
chance of escape to the colliers, who can flee thus far 
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from their working places. In Fig. 46 (p. 217), it may 
be 6een how, if the stopping at A or the doors at b are 
blown out by explosion, the air wonld take that shorter 
course, and the inner workings be laid dead ; and an 
examination of Fig. 19 will show the same result more 
forcibly. The further the two important shafts can be 
separated, the longer will be such independent air- 
course to which the men may escape. An upcast pit 
to the rise may often come in usefully in this way ; but 
no general rule can be laid down, because a shaft so 
situate may often be so much shallower than the other 
as to form a less efficient furnace-shaft ; and in cases 
of this kind — if the depth of the rise pit be too small 
for good ventilation by this means — ^it becomes a 
question whether a mechanical method would not be 
preferable. 

The quantity of air which passes is measured by 
taking the sectional area of a drift, and multiplying it 
by the velocity in feet per minute, to obtain the 
number of cubic feet circulating in that time. The 
velocity is obtained either by observing the rate at 
which a puff of powder or tobacco smoke travels along 
a measured distance, or by an anemometer. The 
instrument most frequently used in collieries is that of 
Biram, made in various sizes, from 3 to 12 inches in 
diameter, by Davis, of Derby, which by wheel work and 
index hands registers the number of feet of air in tens, 
hundreds, and thousands, which have passed through 
it in a given time. M. Combes, and, more recently, 
Mr. Casella, and other makers, have devised for this 
purpose a smaller and more delicate instrument, de- 
pending for its results, like the former, on the revolu- 
tion of a wheel fitted with light vanes. 
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In order to teert the different densities of the currents 
on opposite sides of a brattice, a door, or stopping, a 
manometer or water-gauge is employed. This, although 
it gives no criterion of the amount of ventilation, is 
very useftil for comparisons, as giving a measure of the 
resistances, or of what is technically called the drop of 
the mine, and distinctly pointing out any unusual 
obstruction such as may be caused by a fall of roof in 
the air-ways. 

The above brief sketch, although not pretending to 
go into the details of exceptional circumstances, may, 
I trust, be sufficient in a general way to set forth the 
principles and practice upon which the ventilation of 
our larger collieries has been brought into so high a 
position of effectiveness by the skill and perseverance 
of the leading coal-viewers. 



CHAPTER XVIIL 

COLUERT ACCIDENTS AND THEIR PREVENTION. 

The melancholy fact that from 900 to 1,200 persons are 
every year killed in our British coal mines, forcibly 
attracts attention to the inquiry, what proportion of 
these numerous accidents are due to preventible causes, 
and how far a part of them are inseparable from the 
dangerous nature of the collier's occupatioiL When a 
catastrophe of unusual magnitude occurs, public feeling 
is aroused, newspaper articles are written, and parlia- 
mentary inquiries are set on foot ; but the majority of 
the accidents are little noticed, except in the immediate 
vicinity, and they take place at points so remote and 
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80 widely distributed, as to show that the main diffi- 
culty in dealing with them rests in the necessity of 
keeping up an unceasing watchfulness among many 
thousands of men, workmen as well as managers. 

It has resulted chiefly from the excitement caused 
by the more destructiye e:q)losions, that several 
volumes have been published, filled with important 
evidence given before Committees of the Lords and 
Commons in 1835, 1848, 1862, and 1854. Further- 
more, since the Mine Inspection Act in 1850, and the 
appointment of inspectors under the Home Office, now 
twelve in number, a vast amount of valuable informa- 
tion is afforded in their published reports, especially in 
the analysis of the chief accidents which have taken 
place in the year. By this means not only are principles 
and details of practice laid down and confirmed, but 
many of what may be termed accidents from unforeseen 
causes, are so set before us, that a diligent study of their 
descriptions ought year by year to diminish their occur- 
rence. It is sometimes objected to the Government 
inspection that the number of casualties is not dimin- 
ished ; but it should be borne in mind that the quantity 
of coal annually extracted has been so largely ou the 
increase that, if with a nearly doubled production, and 
of course with a much greater number of hands, the 
sum total of deaths has not increased, the results of 
the system cannot but be considered as successful. 

The careful perusal of these documents is strongly 
recommended to all who are interested in colliery ope- 
rations, and from their detailed explanations it will be 
seen that not a year passes without accidents arising 
from an infraction, wilftd or accidental, of rules which 
have been laid down as being generally applicable. 
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The following are the General Rules to be observed 
under the Coal Mines Regulation Act of 1872 : — 

(1.) An adequate amount of ventilation shall be constantly pro- 
duced in every mine, to dilute and render harmless noxious gases to 
such an extent that the working places of the shafts, levels, stables, 
and workings of such mine, and the travelling roads to and from such 
working places, shall be in a fit state for working and passing 
therein. 

(2.) In every mine in which inflammable gas has been found within 
the preceding twelve months, then once in every twenty-four hours 
if one shift of workmen is employed, and once in every twelve hours 
if two shifts are employed during any twenty-four hours, a competent 
person or competent persons, who shall be appointed for the purpose, 
shaU, before the time for commencing work in any part of the mine, 
inspect with a safety lamp that part of the mine, and the roadways 
leading thereto, and shall make a true report of the condition thereof, 
so far as ventilation is concerned, and a workman shall not go to 
work in such part until the same and the roadways leading thereto 
are stated to be safe. Every such report shall be recorded without 
delay in a book which shall be kept at the mine for the purpose, and 
shall be signed by the person making the same. 

(3.) In every mine in which inflammable gas has not been found 
within the preceding twelve months, then once in every twenty-four 
hours a competent person or competent persons, who shall be appointed 
for the purpose, shall, so far as is reasonably practicable immediately 
before time for commencing work in any part of the mine, inspect that 
part of the mine and the roadways leading thereto, and shall make a 
true report of the condition thereof so far as ventilation is concerned, 
and a workman shall not go to work in such part until the same 
and the roadways leading thereto are stated to be safe. Every report 
shall be recorded without delay in a book which shaU be kept at the 
mine for the purpose, and shall bo signed by the person making the 
same. 

(4.) All entrances to any place not in actual course of working and 
extension shall be properly fenced across the whole width of such 
entrance, so as to prevent persons inadvertently entering the same. 

(5.) A station or stations shall be appointed at the entrance to the 
mine, or to different parts of the mine, as the case may require, and a 
worlnnan shall not pass beyond any such Station until the mine or 
part of the mine beyond the same has been inspected and stated to be 
safe. 

(6.) If at any time it is found by the person for the time being in 
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charge of the mine or anypvi tfaereol that byxeasoa of nozioiis 
gases preTailing in such mine or such pait thereof or, of any cause 
whatever, the mine or the said pait is dangerooa, eyery workman 
shall be withdrawn bom the mine or sach part thereof as is so found 
dangerous, and a competent person who shall be appointed for the 
purpose shall inspect the mine or such part thereof as is so found 
dangerous, and if the danger arises from inflammable gas shall inspect 
the same with a locked safety lamp, and in every case shall make a 
true report of the condition of such mine or part thereof, and a work- 
man shall not, except in so far as is necessary for inquiring into the 
cause of danger or for the removal thereof, or for exploration, be re- 
admitted into the mine, or such part thereof as was so found 
dangerous, until the same is stated by such report not to be dangerous. 
Every such report shall be recorded in a book which shall be kept at 
the mine for the purpose, and shall be mgned by the person making 
the same. 

(7.) In every working approaching any place where there is likely 
to be an accumulation of explosive gas, no lamp or light other than a 
locked safety lamp shall be allowed or used, and whenever safety 
lamps are required by the Act, or by the special rules made in 
pursuance of the Act to be used, a competent person who shall be 
appointed for the purpose shall examine every safety lamp inune- 
^tely before it is taken into the workings for use, and ascertain it 
to be secure and securely locked, and in any part of a mine in which 
safety lamps are so required to be used, they shall not be used until 
they have been so examined and found secure and securely locked, 
and shall not without due authority be unlocked, and in the said part 
of a mine a person shall not, unless he is appointed for the purpose, 
have in his possession any key or contrivance for opening the lock of 
any such safety lamp, or any ludf er match or apparatus of any kind 
for striking a light. 

(8.) Gunpowder or other explosive or inflammable substance shall 
only be used in the mine undergrotmd as follows : 

(«.) It shall not be stored in the mine : 

(d.) It shall not be taken into the mine, except in a case or canister 
contaioing not more than four pounds : 

(e,) A workman shall not have in use at one time in any one place 
more than one of such cases or canisters : 

(d,) In charging holes for blasting, an iron or steel pricker shall 
not be used, and a person shall not have in his possession in 
the mine imderground any iron or steel pricker, and an iron 
or steel tamping rod or stemmer shall not be used for ram- 
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ming either the wadding or the first part of the tamping or 
stemming on the powder : 
{e,) A charge of powder which has missed fire shall not be nn- 

rammed: 
(/.) It shall not be taken into or be in the possession of any person 
in any mine, except in cartridges, and shall not be used, 
except in accordance with the following regolations, during 
three months after any inflammable gas has been found in 
any such mine ; namely, 

(1.) A competent person who shall be appointed for the 
purpose shall, immediately before firing the shot, examine 
the place where it is to be used, and the places contiguous 
thereto, and shall not allow the shot to be fired unless he 
finds it safe to do so, and a shot shall not be fired except 
by or under the direction of a competent person who shall 
be appointed for the purpose : 

(2.) If the said inflammable gas issued so freely that it 
showed a blue cap on the fiame of the safety lamp, it shall 
only be used — 

{a.) Either in those cases of stone drifts, stone work, 
and sinking of shafts, in which the ventilation is so 
managed that the return air from the place where 
the powder is used passes into the main return 
air course without passing any place in actual 
course of working ; or 
(b») When the persons ordinarily employed in the 
mine are out of the mine or out of the part of the 
mine where it is used : 
(^.) Where a mine is divided into separate panels in such manner 
that each panel has an independent intake and return air- 
way from the main air course and the main return air course, 
the provisions of this rule with respect to gunpowder or 
other explosive inflammable substance shall apply to each 
such panel in like manner as if it were a separate mine. 

(9.) Where a place is likely to contain a dangerous accumulation 
of water the working approaching such place shall not exceed eight 
feet in width, and there shall be constantly kept at a sufficient 
distance, not being less than five yards, in advance, at least one bore- 
hole near the centre of the workii^, and sufficient fiank bore-holes on 
each side. 

(10.) Every underground plane on which 'persons travel, which is 
self-acting or worked by an engine, windlass, or gin, shall be pro- 
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Tided (if crceeding thiity yaids in kngtli) ivith some proper meaxis 
of tafrnstWmQ between the stopping places and the ends of the plane, 
and shall he pnnrided in ereiy case, at intervals of not more than 
twenty yards, with sufficient man-holeB for places of refuge. 

(11.) £Teryroad on which persons trsTel nndeirgroiind where the 
load is drawn by a horse or other animal shall be pnmdedyat intervals 
of not more than fifty yards^ with sufficient man-holes, or with a space 
for a place of refuge, which space shall be of sufficient length, and of 
at least three feet in width, between the waggons mnning on the 
tramroad and the side of soch road. 

(12.) ISivery man-hole and space for a place of refuge shall be con- 
stantly kept dear, and no person shall place anything in a man-hole 
or sac^ space so as to prevent access^thereto. 

(13.) The top of every shaft which for the time being is out of use, 
or used only as an air shaft, shall be securely fenced. 

(14.) The top and aU entrances between the top and bottom of 
every working or pumping shaft shall be properly fenced, but this 
shall not be taken to forbid the temporaiy removal of the fence for 
the purpose of repairs or other operations, if proper precautions are 
used. 

(15.) Where the natural strata are not safe, every working or 
pumping shaft shall be securely cased, lined, or otherwise made secure. 

(16.) The roof and sides of every traTelling road and working 
place shall be made secure, and a person shall not^ unless appointed 
for the purpose of exploring or repairing, travel or work in any such 
travelling road or working place which is not so made secure. 

(17.) Where there is a downcast and furnace shaft, and both such 
shafts are provided with apparatus in use for raising and lowering 
persons, every person employed in the mine shall, upon giving reason- 
able notice, have the option of using the downcast shaft. 

(18.) In any mine which is usually entered by means of machinery, 
a competent person of such* age as prescribed by the Act shall be 
appointed for the purpose of working the machinery which is em- 
ployed in lowering and raising persons therein, and shall attend for 
the said purpose during the whole time that any person is below 
ground in the mine. 

(19.) Every working shaft used for the purposeof drawing minerals 
or for the lowering or raising of persons shall, if exceeding fifty yards 
in depth, and not exempted in writing by the inspector of the district, 
be provided with guides and some proi>er means of communicating 
distinct and definite signals from the bottom of the shaft and from 
every entrance for the time being in work between the surface and 
* A male of not less than 18 yeaxs of age. 



GENERAL RULES. 229 

the bottom of the shaft to th^ surface, and from the surface to the 
bottom of the shaft and to every entrance for the time being in work 
between the surface and the bottom of the shaft. 

(20.) A sufficient cover overhead shall be used when lowering or 
raising persons in every working shaft, except where it is worked by 
a windlass, or where the person is employed about the pump or some 
work of repair in the shaft, or where a written exemption is given by 
the inspector of the district. 

(21.) A single linked chain shall not be used for lowering or raising 
persons in any working shaft or plane except for the short coupling 
chain attached to the cage or load. 

(22.) There shall be on the drum of every machine used for lower- 
ing or raising persons such flanges or horns, and also if the drum is 
conical, such other appliances, as may be sufficient to prevent the 
rope from slipping. 

(23.) There shall be attached to every machine worked by steam, 
water, or mechanical power, and used for lowering or raising persons, 
an adequate break, and also a proper indicator (in addition to any 
mark on the rope) which shows to^the person who works the machine 
the position of the cage or load in the shaft. 

(24.) Every fly-wheel and all exposed and dangerous parts of the 
machhiery used in or about the mine shall be and be kept securely 
fenced. 

(25.) Every steam boiler shall be provided with a proper steam 
gauge and water gauge, to show respectively the pressure of steam 
and the height of water in the boiler, and with a proper safety valve. 

(26.) After dangerous gas has been found in any mine, a barometer 
and thermometer shall be placed above ground in a conspicuous posi- 
tion near the entrance to the mine. 

(27.) No person shall wilfully damage, or without proper authority 
remove or render useless, any fence, fencing, casing, lining, guide, 
means of signalling, signal, cover, chain, flange, horn, break, indicator, 
steam gauge, water gauge, safety valve, or other appliance or thing 
provided in any mine in compliance with the Act. 

(28.) Every person shall observe such directions with respect to 
working ds may be given to him with a view to comply with the Act 
or the special rules. 

(29.) A competent person or competent persons who shall be 
appointed for the purpose shall, once at least in every twenty-four 
hours, examine the state of the external parts of the machinery, and 
the state of the head gear, working places, levels, planes, ropes, 
chains, and other works of the mine which are in actual use, and 
once at least in every week shall examine the state of the shafts by 
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which penons ascend or descend, and the gfuides or conductors therein, 
and shall make a true report of the result of such examination, and 
such report shall be recorded in a book to be kept at the mine for 
the purpose, and shall be signed by the person who made the same. 

(30.) The persons employed in a mine may from time to time 
appoint two of their number to inspect the mine at their own coe(t, 
and the persons so appointed shall be allowed, once at least in every 
month, accompanied, if the owner, agent, or manager of the mine 
thinks fit, by himself or one or more officers of the mine, to go to 
every part of the mine, and to inspect the shafts, levels, planes, 
working places, return air- ways, ventilating apparatus, old workings, 
and machinery, and shall be afforded by the owner, agent, and 
manager, and all persons in the Ihine, every facility for the purpose 
of such inspection, and shall make a true report of the result of such 
inspection, and such report shall be recorded in a book to be kept at 
the mine for the purpose, and shall be signed by the persons who 
made the same. 

The various districts are more or less subject to 
different kinds of accident according to local conditions, 
and the causes are shown in the table of deaths for 
1878, increased this year by the Abercam explosion. 



Name of Distriot. 



1. Northumberland, Cunber- 

land, and North Durham... 

2. South Durham 

8. North and East Lanoashire 
4. West Lanoaahireand North 

Wales 

6. Yorkshire 

S.Derbyshire, Notts, Leioes-j 

tershire, Warwickshire ...! 

7. North Staffordshire, Che-' 

shire, and Shropshire 

8. South Staffordshire and 
Worcestershire 

9. Monmouthshire, Glouces- 

tershire, Somersetshire ... 

10. South Wales 

11. Eastern Scotland 

12. West Scotland 



LiTes lost in ooal-pits in 1878 ... 

Total including ironstones 

Total for 1877 



Explo- 
sions. 



1 

4 
46 

204 

4 



28 

1 

268 

7 

2 

22 



686 



^66 



Falls of 
roof and 
coal. 



82 
87 
83 

64 

89 

81 

21 

81 

46 
62 
88 
26 



448 



469 



Deaths 

in 
shafts. 



4 
7 

4 

9 
6 

11 

10 

7 

4 
21 
17 

6 



104 



HI. 



Misoel-j 
laneous,' At sur- 
under- | face, 
ground.! 



846 



44B 



129 



8 
26 

8 

22 
22 

8 

8 

7 

18 

19 

6 

8 



149 



161 



6 

10 

9 

16 
10 

6 



1 

8 
14 

7 

4 



84 



6 



187 « 



99 



Total 



61 
83 
99 

804 
80 

65 

62 

47 

833 

123 

65 

64 



1,866 



1,413 



1,206 
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Let ns pass to a review of the more prolific sonices 
of accident : — 

1. Falls of roof. — These are occasioned especially in 
high seams, by the removal of the upper portions of 
the coal, more particularly when the whole thickness, 
as for the most part in South Staffordshire, is taken at 
one working. In other cases they arise from careless 
holing or undercutting, without due attention to sprags 
or props, or from the sudden detaching of bell-moulds, 
or lumps of ironstone, or masses of shale from the 
roof. In general these falls can only be guarded 
against by limiting the size of the excavations, and 
setting timber in sufficient quantity and in the most 
judicious manner. When the ordinary colliers are not 
practised or apt at this work, it is important that it 
should be carried out by duly qualified deputies. In 
some parts of the country an unfortunate system pre- 
vails of employing huUies^ or contractors, who, intent 
on getting the coal at a certain price, are prone to 
neglect the precautions which cost money, and which 
thus diminish their profits. In the long-wall work- 
ings, where the fall of the roof has for a stranger a 
most threatening appearance, nogs and pack-walls as 
well as single punch-props aid in giving the men 
security, but when the roof is treacherous, hourly 
caution needs to be exercised by the managers and 
supervisors ; and whilst in some cases the premature 
removal of props may be dangerous, in others the 
omission to remove some of them will cause an 
irregular fracture often attended with serious results. 
Whatever the method of work, let there be no lack of 
prop-wood; and to prevent neglect caused by the 
colliers' grudging the time which would have to be 
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devoted to it, let such wood be cat for them in proper 
lengths, and carried near to their places of work. It 
is no less lamentable to note the great loss of life £rom 
snpineness and blind confidence with respect to the 
roof, than it is wonderful to see what may be done, for 
a limited time, by a few well-set sticks of timber in 
the midst of crush and pressure that appear over- 
whelming. 

2. Explosions of fare-damp. — According to the 
abundance of gas, the form of the excavations, and the 
efficiency of ihe ventilation, explosions may be either 
quite harmless, or may injure only one man or a few 
men in a single locality, or in the worse cases may 
flash forth with such Hghtning speed and fury as to 
leave not a man alive. 

Certain coals, for example, are so fiery that when 
tteair-current i^ brisk enoi^t to render the experiment 
safe, yon may with your candle, every now and then, 
..t 'i. gas igit o/tt.e fteaUy'oat Z^ »d itwiU 
flash and flicker away for a few inches or feet in 
length. But woe betide the experimenter if there be 
any roof-cavity or unventilated corner near, in which a 
quantity of the explosive " damp " may have accumu- 
lated. If only there be plenty of air, such a bord or 
end may often be safely worked with candles, but the 
men should be provided with a wet cloth with which 
they may dash out the fire ; and at the famous Walls- 
end pits small cannon have been used with advantage 
for extinguishing the flame by concussion, in case of 
its catching at the open lights and being more serious 
than ordinary. The safety-lamp is, however, now 
commonly used under such circumstances; and yet 
even with this safeguard, when for economy's sake the 
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coal is got by blasting, there is great risk of a flamo 
being lighted which may communicate with other 
places or set fire to the coal. Presence of mind — a 
virtue often wanting — may in the outset extinguish a 
flash of this kind, which if not instantly combated 
may soon become very serious. A fire produced in 
this manner, or by the spontaneous combustion which 
arises in the small coal of certain seams, in a short 
time produces such a smoke and ^^ sty the " that it can 
only be approached on the windward side, and fre- 
quently makes it needful to retire to some distance 
and bar off or isolate the district. In such cases dam- 
doors, the frames of which have been prepared before- 
hand at suitable spots in the main drifts, may perform 
excellent service. Perhaps these are nowhere seen to 
greater advantage or more practically useful than in 
the great under-sea collieries of Whitehaven, where 
the Earl of Lonsdale has judiciously had the lintels, &c., 
of dam-doors prepared in the stone drifts between 
faulted districts of coal.* 

In the last chapter we have treated of the methods 
of ventilation in practice where due attention is paid 
to that vital subject ; but we have here two questions 
to answer, viz., why is it, that with so many examples 
of what can be well done, a large part of our collieries 
should be in a condition far from satisfactory? and 
how does it come to pass that every now and then a 
hecatomb of victims has been sacrificed in a pit sup- 
posed to be a model of efficiency? To these we may 
reply: 1st, that thoughtlessness and opposition to 
discipline among the men, and ignorance of principles 

* In August, 1864, 1 had the opportunity of seeing how promptly 
efficient dams were thus put in to isolate the workings of the new, or 
Forster's district, where the gas had fired in the dip drifts. 
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and of good practice, with parsimoniotisness, among 
tlie masters and managers, are far too common ; and 
2ndl7, that the sources of accident are so numerons, 
and often so obscure^ that no amount of precaution 
can be expected to obtain perfect security. Though 
neither men nor owners are open to the sweeping 
charges of recUessness often brought against them, 
we must expect, as long as we find so conunonly 
among the pits' company careless, unsteady, or over- 
daring rule-breakers^ and collieries managed by a 
shopkeeper or joiner, or half-educated young " gentle- 
man,*' a nephew of the owner, that accidents will 
occur, which would be certainly preventible under 
better auspices. 

My own experience on this latter head, obtained 
from close inquiry for the Grovemment into the causes 
of several heavy explosions, before the system of 
inspection was commenced, and from frequent visits to 
collieries in most of our districts, is strongly confirmed 
by the often-repeated statements of the inspectors, that 
agreat amount of good would be effected by local schools 
having a technical aim. And yet, strange to say, although 
it is a subject involving the health and life of 400^000 
persons directly employed in our coal mines, no approach 
has been made, except at Bristol, Wigan, and an abor- 
tive attempt at Glasgow, to supply that kind of know- 
ledge on mechanics, the nature of gases, &c., which 
is so desirable for the overmen and their deputies.* 

In what concerns the ventilation, a dangerous state 
of the mine may arise as follows : — 

* The new educational course opened at Newcastle in 1871» and more 
recently at Leedsy is at last a good step in this direction. The require- 
ment under the Act of 1872 ijf oertificates is working a great change. 
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1. Absence or deficiency of ventilating power in flie 
shafts. 

2. Injudicious plan of workings, or inattention to 
doors, stoppings, size of air-courses, Ac, whereby an 
abundant current at the shafts is lost before it gets to 
the faces of work. 

3. The insecure position of goafs, or wastes, or even 
small lodgments for gas, with reference to the air- 
currents which have to travel past men who are using 
open lights. 

4. The absence of sufficient bratticing in the bords 
or drift ends. 

5. Dependence on too many doors. 

6. The occurrence of falls in the air-ways or working 
drifts. Presence of much fine coal-dust 

7. The interruption of the ventilating current, by 
repairs in the shaft, by drawing water, or by the 
furnace or wind-machine going wrong. 

8. A sudden change of weather, especially a turn of 
wind to the south-west, with lower barometer and higher 
temperature. 

9. The emission of gas by blowers, or by bursting in 
from roof or floor, in such quantity as to overpower the 
ventilation. 

In this latter case the use of safety-lamps can alone 
give security, and since their introduction brings into 
play a new set of conditions, it is imperatively needful 
to draw up special rules regarding them, and in the 
interest of the owners and the bulk of the men to visit 
severely all the infringements of regulations which close 
surveillance can detect. 

We cannot do better, in order to show what are the 
requirements in connection with the use of safety lamps. 
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than quote the Special Rules as laid down for the ex- 
tenffhre collieiy of Seaton Delayal, under the able 
management of Mr. T. K Forster. 

1. In erery part of the said colliery, where the pDlar working or 
orokea is in operation^ ■tations will he fixed upon hytheTiewer, where 
each worimum's lafetj lamp will he eranriniMl and aecorely locked. 

Fran those stations no workman is to take a safety lamp for nse in 
the pillar working or hroken, without its having heen examined and 
8ecm«ly looked hy the OTerman^ inspector, or deputy. 

The OTerman and inspector to haye foil power to direct the workmen 
how to nse their safety Umps during the time of working ; and it is 
particularly enjoined that eyery workman strictly attend to such 
directions. No lamp to he used on which there is not a tin shield 
19 one but the overman, or similar ofllcer in authority, to he allowed to 
carry a lamp key. 

2. Should any accident happen to a lamp whilst in use, by which 
the oil is spilt upon the gauze, or it be in any other way rendered 
unsafe, the lig^t to be immediately extinguished by drawing the wick 
down within the tube with the pricker ; such lamp to be directly taken 
out to the station where the lamps are examined, and not to be aguin 
used until after having been properly examined by the overman, or 
other responsible person, on the in-bye side of whidi station towa^s 
the broken workings, no candles are to be taken. 

8. Shoidd any workman using a safety lamp detect, by the usual 
indications, the appearance or presence of fire-damp, he is first to pull 
down the wide with the pricker, as before-mentioned, and then to 
retreat to the lamp station and give information of the same to the 
nearest responsible person, it being strictiy forbidden for any workman 
to continue to work in a place^where such indications have been ob- 
served by him ; and should the flame continue in the interior of the 
lamp after the wick has been drawn down, the lamp then to be 
cautiously removed, and no attempt whatever to extingmsh the flame 
by any other means to be adopted by the workman. 

4. Every hewer, putter, or other person, to whom a safety lamp is 
intrusted, is hereby strictly prohibited from interfering in any way 
whatever with the lamp, beyond the necessary trimming of the wick 
with the pricker. The lamp in no case to be hung upon the row of 
props next the goaf or old work, and not to be nearer the swing of the 
gear, on any occasion, than two feet. 

5. Should any hewer, putter, or any other person whatever, in 
charge of a safety lamp, in any case lose his light, he is to take it 
himself to the station where the lamps are examined, to be relighted, 
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8xamiXi6d, and locked by the oyennan, or some other responsible per- 
son, before being again used. 

6. It is expressly directed that any person -witnessing any improper 
treatment of the safety lamps by any one, shall give immediate infor^ 
mation to the overman in charge of the pit, so that a recurrence of 
such conduct may be prevented by the offending party being brought 
to justice. 

7. Any person found smoking tobacco in any part of the said col- 
liery where the safety lamp is used, or with a tobacco pipe found in his 
possession, will be liable to be taken before a magistrate. No matches, 
under any pretence whatever, to be taken down the pit. 

8. No putter, pony-driver, helx)er-up, or other person, is, under any 
pretext, to carry a lamp during his work, except in special cases, 
where the parties have leave to do so from the viewer. Lamps will be 
hung along the going-roads, to afford sufficient light for the perform- 
ance of the work. 

9. Every person using a safety lamp to receive the bottom part of 
the same himself from the hands of the lamp keeper then in the pit. 
The gauze to be taken home at the end of each shift, by the person 
using it, for the -purpose of having it properly cleaned before being 
again used. 

10. Any person acting contrary to the above instructions will be 
liable to be taken before a magistrate, in order that the lives of the 
workmen employed therein may be duly protected. And any person 
informing against any offending party or parties will, in every case, 
be handsomely rewarded. No riding on loaded cages except under 
special arrangement. Signals, see Act of Parlicunent. 

11. The hewer that keeps his safety lamp in the best order for a 
quarter of a year, will be entitled to a premium of Bs. ; and for the 
second best 2«. 6d. The putter to be entitled to 28. 6d, for the same 
length of time. 

It is a moot point whether the men should take 
home the lamp gauzes to clean, or whether it should 
be done for them by the colliery. But we cannot fail 
to reprobate the neglectful plan pursued in some mines 
of throwing upon the colliers the burden of purchasing 
their lamps, and thus exposing them to the temptation 
of buying cheap and unsafe gauze. Nor can one think 
without ire of the dirty, oily state of the battered Davy 
that one has seen in some of the colliery offices of 
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central districts, kept for a safegoard (?) in case of 
fire-damp being feared as an occasional visitor. 

3. Accidents in ShafU. — ^The breakage of the rope or 
chain takes place rarely from bad quality, more often 
from too long wear and tear of the material Some- 
times a want of proper horns or arms to the drum, 
or a settlement of the ground at the shaft top, may 
throw the rope on to the axle, and thus sever it. Any 
inequality in the surface of the rope-roll which makes 
the rope lap irregularly, and thus communicates a 
heavy jerk to the weight in the shaft, is dangerous, 
especially with wire rope. So also is the adherence to 
small-size drum and pulleys. Many lives, again, are 
lost under the old system of raising the men in skips 
or boxes hanging free, particularly if they be suspended 
by two chains only. The introduction of cages and 
guides in the northern districts has greatly lessened 
the liability to this class of accident. Against the 
falling of stone, bricks, &c., from the sides, a good 
walling and occasionally overhauling and clearing from 
rubbish, with a bonnet or cover over the cage, are effi- 
cient protections. The numerous deaths from falling 
into the shaft, either from surface or from mouthings 
opening into upper seams, may be in great measure 
prevented by the use of light railed doors or wickets 
which guard the orifice until the cage comes up and 
lifts them out of tlie way for the time only during 
which access is needed. Overwinding, one of the 
most frightful of accidents, where the cage with its 
human freight is carried up violently against the pulleys 
overhead, is to be avoided by the employment of only 
the most trustworthy engine drivers, the use of the 
steam-brake, a sufficient height of pulley-frame, and 
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perhaps in some cases the use of the safety apparatus 
referred to above in Chapter XIV. 

The carefully prepared statistics of H.M. Inspectors 
of Coal Mines group the accidents under different 
heads, and among other valuable results show that the 
casualties in shafts have in the last thirty years been 
greatly reduced. Whilst in the years 1851 to 1 855 one 
death per annum occurred by shaft accident out of 
1,000 persons, the ratio has of late years, and by a 
steady process of improvement, been reduced to one 
death out of 3,300 persons employed. Greater caution 
has come to be exercised by all parties, superior tackling 
is used, and close attention is given to its examination ; 
but, as a rule, the ingenious contrivances for arresting 
the cage when the rope breaks, have not met with 
extended favour. The comparatively very small number 
of accidents from "over winding" redounds to the 
credit of the engine-men of the' country and the con- 
dition of their appliances ; but some recent cases 
accompanied by a sad loss of life, have drawn more 
attention to the subject of special contrivances for 
arresting the load when it is raised too high. 

Detaching links or hooks were proposed thirty years 
ago, but in some, at least, of the forms suggested were 
positive sources of danger. Of late a number of others 
have come to the fore, and what with popular pressure, 
and the suggestions of Government officials, are being 
adopted in great numbers. Whether this is altogether 
a wholesome way of advancing, and whether the intro- 
duction into the winding gear of any piece of compli- 
cation is not a new source of danger, are questions 
upon which opinions will differ. Most of these disen- 
gaging or safety links and hooks are patented, and run 
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a close race of rivalry. Some few have been offered 
freely as a boon to the mining world. Mr. AytouD, 
W.S., of Edinburgh, in 1860, proposed a book formed 
of three parallel plates of steel, the central one of 
which, standing out in its normal position beyond the 
side pieces, should, on over winding, be drawn through 
a narrow ring, and thus cause the central plate to push 
the shackle by which the load is suspended off its 
usual seat, so that it falls through a vertical slot, and 
disconnects the cage from the rope. Mr. J. Bryham, 
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of the Rosebridge Colliery, nearly about the same time 
introduced the hook, on a similar principle, which is 
shown in Fig. 49 under three aspects. Here a a 
are two parallel plates of wrought-iron, with vertical 
slot b; diB the central plate,y a brass pin, which keeps 
it in a projecting position till the pin is sheared by d 
coming in contact with the iron plate ^, when the 
shackle will be pushed from its bearing to the slot b. 

The cage is then arrested by strong cams or catches 
attached to the pit-head framework. 

King's, Ormerod's, Walker's, and Ramsay and 
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Fisher's hooks involve the additional feature of throw- 
ing out clutches when over winding, which suspend the 
cage to the framing. They are all fairly before the 
public, abundantly advertised; and it may be hoped 
that the selection of the best of them may aid in the 
good work already done by the rooting out of the 
neglect and slovenliness which were once too common. 

4. Holing into Old Works. — A great risk is incurred 
in approaching old abandoned workings, sometimes 
from their containing fire-damp or carbonic acid, but 
more commonly from their having reservoirs of water 
ready to escape under great pressure, and certain, if 
incautiously tapped, to occasion a disastrous inundation. 
The danger is often sadly magnified from the lament* 
able and unbusiness-like absence of proper plans of the 
old works. It is recognised on all hands that the only 
prudent method of advancing under such circumstances 
is with bore-holes in front and flank, kept five or six 
yards ahead of the working, and with tapered wooden 
plugs ready to drive in as soon as water is tapped. The 
subject of the registration of mine plans has often been 
mooted, and by some of the highest authorities, as 
essential for the preservation of life and property ; but 
under the wretched notion of letting things alone, this 
humane precaution was not till 1872 adopted as a public 
measure. If such plans, drawn to the true meridian, 
instead of the ever-varying magnetic line, were de- 
posited in some accessible office, many a valuable life 
would be saved. 

5. Miscellaneous Accidents, — ^The liability of men and 
boys to be crushed and run over by trams and under- 
ground trains, and especially on inclines, must be met 
by strict discipline, and by providing separate travelling 
roadSj refuge places, and sufficient signals. Many 

H 
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accidents occur from people passing across the bottom 
of the drawing shaft, which are simply avoided b^ 
baying a suitable passage at the side, and insisting on 
its being used. As to the casualties which occur from 
blasting, they ought to be entirely eliminated from 
the list : the firing of a shot in the coal, apart from 
the presence of fire-damp, entails no risk on careful 
men ; and in sharp stone liable to strike fire, the use 
of bronze-headed tamping-bars and the safety-faze 
should be generally adopted. The deaths caused by 
carbonic acid and after-damp are too often due to the 
want of thought or the ignorance of the sufferers them- 
selves, and not unfrequently to the generous daring 
with which they have rushed forward to succour others. 
A better knowledge of the properties of the gases, 
greater caution in entering unfrequented places, and 
improved ventilation must be looked to for the reduc- 
tion of this class of perils. 

It may excite surprise that men should be found 
willing to confront so many dangers, coupled with hard 
work in cheerless gloom. But familiarity with subter- 
raneous works shows a different side to the picture, and, 
although plenty of bad cases might be cited, the larger, 
well-managed collieries offer, as the life-statistics prove, 
by no means unhealthy working places. The gaseous 
enemies which invade them are invisible, and are 
therefore even too readily forgotten ; and the work, 
though heavy, is simple, and requires very little ex- 
penditure of thought Moreover, the wages are, in 
spite of strikes and associations, as a rule, very good, 
nay, in some cases exceedingly high, if men only choose 
to work, and have acquired the degree of skill which 
we find, even in coal-cutting, will greatly distinguish 
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certain hewers above others. Our Cornish miners, 
fagged by climbing, and by high temperature, contend- 
ing with rocks of excessive hardness, and, after all, 
earning rarely more than £3 lOs. or £3 158. per 
month, offer a strange contrast to colliers of the North, 
who can commonly make their 6^. per day, and have 
often houses free of rent, and coals, and schooling for 
their children at a nominal charge; and to the 
Welsh colliers, who in a good stall of the rich Aherdare 
coal will get their 8^., or even lO^., a day,* 

Truly, as contrasted with other men, the colliers in 
well-conducted pits have not so much to grumble over 
as they are made by their interested friends to believe ; 
nor do the methods so popular among them of strikes 
and combinations, and proposals for interfering with 
the management, appear suited to gain them enduring 
safety and comfort In and about the pits, especially^ 
it is plain that the spirit of insubordination, and oppo- 
sition to the masters and their rules, are inconsistent 
with the well-being of either party. And a ship in a 
storm, with all the sailors commanding, would not be 
in a more dangerous plight than a fiery colliery with 
its discipline sapped, and no one in fall authority. 

* To quote a special instance, the highest wage made in March, 
1866, at the Navigation Colliery, Mountain Ash, -was no less than 
12«. Sd, per day for twenty-three days. It must be noted that the 
figures above given belong to a prosperous period, and that in the 
depression of trade between 1874 and the end of 1879, wages have also 
fallen. 
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CHAPTER XIX, 

DURATION OF THE BRITISH COALFIELDS, 

The astonishing increase in the consumption of coal 
within the last half century has kept pace with the 
advancement of various arts and sciences, and has 
necessitated a constant improvement in the methods 
and appliances used in its extraction. Our knowledge 
of the mineral resources of this and other countries has 
during the same time been placed on a footing so 
much more definite than formerly, as to excite in the 
reflecting mind, conversant with the heavy drain now 
making on our coalfields, a reasonably-founded anxiety 
as to their duration. 

Contented security may in its ignorance of the facts 
assume, and persons interested in maintaining their 
own special trade, may represent that the coal-seams 
are " practically inexhaustible," and may stigmatise as 
"alarmists" those who would invite attention to the 
bearings of a question so vital to our immediate pos- 
terity ; but a fair examination of the statistics above 
set forth, and of the local conditions of our coal- 
bearing districts, will show that at least the time for 
prudent forethought has arrived. 

In the last few years, accurate surveys have shown 
the certain boundaries of most of our coalfields, formed 
by the actual rise to the surface of the ground of the 
feundation rocks, in and under which no coal at all is 
contained. In some other instances they exhibit a sur- 
face boundary, beyond which much may be hoped for, 
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but where in many ca«efl the uncertainty and expense 
will greatly reduce the value of the extended territory, 
or, in other words, increase the average charge at which 
the coals will be raised. 

Knowing, therefore, most of the edges, and pretty 
nearly the depth of all our recognised stores of coal, 
let us remember at what rate we are now digging 
them out. The amount of coal raised in this country 
in 1864 shows that, supposing 1,300 tons be obtained 
per foot thick per acre, out of 1,600 which it actually 
contains, there are now clearing out in every hour, day 
and night, for every day in the year, 4 acres of coal of 
2 feet thick — 1 acre every quarter of an hour I There 
can here be no reproduction, nothing to grow again ; 
" we are drawing,'^ as an able writer* has well put it, 
" more and more upon a capital which yields no annual 
interest, but once turned to light, and heat, and force, 
is gone for ever into space." How fares it with some 
of our best-known districts ? — do they, or do they not, 
show symptoms of a change? In Shropshire the 
workings have passed away from the exhausted western 
side of the field to group themselves along the eastern : 
in Staflfordshire, the famous Dudley seam will in a few 
years be as a tale that is told : in the great northern 
coalfield almost every available " royalty " is taken up, 
large tracts have been cleared out, and already progress 
is made in leaving terra fimxa and working out under 
the North Sea. 

It must, then, be understood that the rapid exhaus- 
tion of certain districts, and the calculation of what 
coal remains, are not the speculations of theorists, but 
the fair deductions from weights and measures, ascer- 

* Mr. JevonB, " On Ihe Coal Question." 
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tained with a great amount of practical care and 
discrimination. 

I need nofc refer to the older estimates of the dura- 
tion of our coalfields, for neither had the earlier writers 
any idea of the enormous future increase of demand, 
nor were they provided with the requisite data for 
reasonable approximations. It was only in the clas- 
sical coalfield of Durham and Northumberland that 
the position and character of the seams were so well 
known to the viewers as to admit, many years ago, of 
approach to accuracy. 

Mr. Greenwell, a colliery viewer thoroughly ac- 
quainted with the district, taking the quantity pro- 
ducible from each several seam, including what lies 
below the magnesian limestone, as well as a Tcidth of 
two miles under the sea^ calculated in 1846 that 331 
years would, at the then existing rate, exhaust the 
whole area. At that time only 10,000,000 of tons per 
annum of round coal were raised. In 1854, when the 
amount had reached 14,000,000, and a larger propor- 
tion of small coal came to be available, Mr. T. Y. 
Hall, also a member of the Northern Institute of 
Mining Engineers, estimated the duration at 365 years, 
but stated that it would be reduced to 256 years if the 
demand were to increase to 20,000,000. And now, since 
the output in 1878 reached upwards of 29,000,000 
of tons, and there is every reason to expect a constant 
increase of production, it is obvious that the time thus 
estimated must be greatly abbreviated, and that Sir 
William Armstrong, in calling attention to the rapid 
exhaustion of coal, in his address at Newcastle in 1863, 
based his argument on no unsound foundation. 

In 1859, Mr. Edward Hull attempted the more 
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ambitions task of making a similar calculation for the 
flvhole of the British coalfields. As a laborious geolo- 
gist on the Government survey, Mr. Hull had enjoyed 
excellent opportunities of learning the structure of 
several of the coal districts, but with respect to others 
had to rely on data of various authority. In each case 
he has measured the available area, has adopted from 
the sections an average thickness of workable coal, and 
deducted from the total quantity thus obtained an 
allowance (no doubt difficult to agree upon) for the 
denudation of the upper seams. A large fraction is 
then allowed for quantity worked out, and loss in 
future workings, leaving us a total amount in stock of 
about 80,000,000,000 tons for the entire kingdom. All 
the coal lying at a greater depth than 4,000 feet is 
excluded from this estimate as being beyond reach, 
but a very large area, amounting to an increase of one- 
third, is added to the coalfields, for extension beneath 
newer formations. 

We may cavil at some of Mr. Hull's numbers, and 
disagree with his notions about the limit of depth, but 
his little book is a creditable summary of the chief 
features of our coal resources, and his approximate 
general estimate the only one which is so founded on 
facts as to deserve attention ; whilst especially on the 
subject of reaching coal beneath the Permian and 
Trias formations, no previous author has approached it 
with the same amount of practical knowledge. When 
we pass from the descriptive part to the reasoning on the 
coal supply, we find arguments of a more questionable 
character, some of which have since been combated by 
Mr. Jevons in his clear and forcible work, " On the 
Coal Question," whilst others appear to have led to 
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Use oondosioiiB as to die raie of p rogression of tbe 
ocHunnnptioii* 

It seems tliat in twenty yean, ending 1860, the 
qoantity of cool raised in Great Britain was more than 
doubled ; but are we thence justified in believing thai 
in the next following twenty years it wiQ be again 
doubled, and so on in geometrical progression ? On 
this view of the subject, little more than a centuiy 
would see this country utterly deprived of the main- 
spring of its mercantile greatness. Manu&ctories 
without their motive power, iron-fiimaoes blown out, 
railway trains brought to a standstill, steamers re- 
placed by sailing ships, our streets left to the gloom of 
oU lamps, and our fir^:rates empty, — such would be 
the dismal prospect of a nearly approaching tim e, could 
we give credit to such an inference ! 

I think, however, that the assumption is based on a 
fallacy, and that although the numbers for certain 
years appeared to fit such a conclusion, the increase to 
our production of from 2,000,000 to 3,000,000 of tons 
annually, serious as it undoubtedly is, will keep us 
within comparatively moderate figures for a long time 
to come, and at all events defer, as regards the country 
at large, the evil day for two or three centuries.* But 

* In France (he prodaclion of coal lias simflarly been doubled after 
eyery period of tyelTe to fourteen yean, thiu : — 

Year. Tau. 

1789 • • • • • 250,000 



1815 
1830 
1843 
1857 
1872 



950,000 

1,800,000 

3,700,000 

7,900,000 

15,800,000 



bai ilie Comity dea Houilldres Fian9ai8es think that the same rate of 
crease cannot possibly be kept up. 
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beyond this, it is a question whether even the prefient 
rate of increase of production can long be continued, 
and whether there are not causes at work which will 
tend to raise the price and limit the consumption. 
Our special position as the first manufacturing people 
depends in great part upon the cheapness of our fuel, 
and any considerable increase in price, as compared 
with that of other countries, would soon be deeply 
felt* At present Belgium, France, and Westphalia 
axe unable folly to compete with us ; and English coal 
takes possession of the seaboard of the Continent, and 
in numerous cases ascends the rivers for long distances 
towards the centres of coal production of those coun- 
tries. And sundry reasons may account for the fact. 
Nature has been bountiful to England not only in the 
quantity, but in the comparative regularity of the coal 
seams. In the best pits in France and Belgium the 
large, or rmnd^ coal is seldom more than 46 per cent, 
of the whole, and the general average is far less. The 
disturbed position of the beds also renders them more 
difficult to work, and involves an expense in the mere 
item of prop-wood alone of ^d, to \s. per ton, whilst in 
many of our districts 2ef., in others 3e/., on the ton may 
be the average. 

But if we are to be checked in the race, the mischief 
is likely to proceed in great part from an internal 
canker, from the irregularity and combativeness of the 
men. What with the peculiar socialistic views so 
common among them, and the facility with which their 
organisation, under skilfol delegates, enables them to 
threaten their masters, the interferences, stoppages, 

* For a masterly treatment of this important argument see Jevcns's 
<< Coal Question." 
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find interruptions to the working of collieries are 
becoming an evil of such weight as to constitute an 
additional charge on the ton of coaL It would be 
quite out of place here to discuss the subject at any 
length ; but it must obviously be taken into accoimt 
in forming an estimate of our power of production. It 
might be supposed from the frequent recurrence of 
strikes, that the colliers, as a class, are Hi-paid ; but 
when we find wages of from 6s. to 12s. a day — the 
rate for good hewers from Newcastle down to South 
Wales, we cannot but see that there are other large 
classes of working men in the kingdom, bringing equal 
skill and labour to bear upon their task, with a much 
less satisfactory result. The rate of payment is fairly 
brought to the test of experiment, being in most dis- 
tricts so much per tub or cart of known capacity; 
in the north, so much per score or per ton, and each 
pit having there a weighing machine, at which a 
man is commonly stationed to watch the weighing 
on behalf of the colliers. 

If, therefore, with these inducements to steadiness 
of work, a skilful collier nevertheless joins in the strikes 
and agitation for short hours, weekly pays, with all 
the concomitant idleness, limitation of quantity to be 
got, exclusion from the pits of boys under a certain 
age, and various other interferences which maybe more 
or less objectionable in different districts — that man is 
adding a weight against his own nation in the balance 
between ourselves and the foreign coal producer. 

In a discussion on the duration of coal, we should 
bear in mind that it is one thing to obtain a certain 
amount of fossU fuel tolerable in quality, but dear from 
being wrought under difficulties, and another thing to 
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occupy our present position of raising the best qualities 
at the lowest prices. Most of our best districts are 
being stripped at a fearful rate : * the purest household 
coal of the north, the "Wallsend" of the London 
trade, the Dudley thick coal, the Wigan cannel, the 
Aberdare steam-coal — where will they be fifty years 
hence ? And yet there is no help for this ; and aJl we 
have to see to is that they are made away with to the 
best advantage. But the question follows : when the 
cream of our coalfields has thus been enjoyed, what 
have we to fall back upon to maintain, at least, our large 
production, even if we are unable to keep up a marked 
lead? There will be the seams that are coarser in 
quality, that are thinner or deeper, and those about 
which there may be much uncertainty, as, for example, 
where it may be required to sink through overlying 
formations. A cloud of difficulties arises ; but there are 
rays of light around it : " dirty " coals will be more com- 
monly treated by washing processes — thin seams now 
neglected will turn out useful ; for if we can already 
work 12 and 14-inch coals in Somersetshire, why should 
2 feet be elsewhere called unworkable ? And then as to 
depth, the improvement of both pumping and winding 
engines is rendering that element of difficulty — within 
moderate limits — a matter of no very great import. 

Here, however, we arrive at a topic fraught with 
much interest. In South Wales and Lancashire, in 
the coal measures, and in certain districts where the 
surface is occupied by the red sandstones of the Trias, 

• In order rightly to appreciate the rate of exhaustion of the coal, 
we mast add to the 130 milliona of tons returned as raised, a further 
amount for wasted slack, barriers, faulty coal, &o., of probably not less 
than 30 miUions of tons. 
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we may have coal seams below ns at 5,000, 8,000, or 
10,000 feet deep. Some of the authors above quoted 
think that the limit of accessible depth is 4,000 feet, 
beyond which the increase of temperature would pre- 
vent the possibility of working; but a considerable 
experience of deep mines induces me to believe that 
the difficulty of temperature may, by due appliances, 
be overcome to a much greater depth. 

It is sufficiently well known that experiments made 
in the mines of various countries show that below a 
certain point of invariable temperature generally reached 
at 10 to 20 yards, the temperature of the rock and of 
water contained in it increases at the rate of P Fahr. 
for every 60 or 70 feet of descent* The air which 
travels down into the workings is soon heated ; but 
passing off, and thus cooling the walls of the excava- 
tions, and constantly replaced by fresh air from above, 
it enables work to be done with comfort in our deepest 
present mines. It must be admitted that the first 
opening of the levels or drifts at a depth of 1,500 to 
2,000 feet deep is a hot task ; but after finding the 
thermometer in such cases at from 75® to 88° in a close 
end, I have observed that when the air has once cir- 
culated beyond such points for a period of a few weeks 
or months, the temperature has sunk by so many de- 
grees as to admit of further working with facility. 
The most remarkable case of this rapid cooling, with 
which I am acquainted, is at the Clifford Amalgamated 
Mines in Cornwall, where, in the 230-fathom level 
(1,650 feet from surface) the air (July, 1864) was 104 
Fahr., and close to the issue of a hot spring of 122% 

* The eztremo variations of increment, except where thermal springs 
Are present, are 58 feet to 88 feet for one degree Fahr. 
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even higher ; but where, in the 220-fkthom level (1,590 
ffeet deep), it was only 83°, although when first open- 
ing, a year or two before, it had been at 100*. 

The late Mr. Bogers, at Abercam colliery, in sinking 
a shaft in 1851, supplied compressed air to within a 
few feet of the men at work, which — ^as I tested at the 
time — ^in its escape from the pipe, cooled the pit bottom 
several degrees. No doubt, therefore, that what with 
a good ventilating power, and occasionally, it may be, 
by the aid of compressed air, the first winning works 
may be quickly reduced below the normal temperature 
due to the depth, and the subsequent workings be 
rendered comparatively cooL 

It is not commonly known that in the province of 
Hainault, in Belgium, coal is working at the depth of 
2,820 feet (860 metres), at the colliery dea Viviers^ at 
Gilly, near Charleroy, and that one pit at the same 
place Las been sunk to the serious depth of 3,411 feet 
(1,040 metres). * 

With regard to other difficulties offered by great 
depths, our present best methods of raising the water 
and coal are, no doubt^ capable of dealing with a 
considerably greater depth than has yet been attained. 
For still deeper pits it may be suggested either that a 
plant of engines be established half way down, and the 
work thus effected by two lifts, or that reciprocating 
rods as in the Fakrkunst or Cornish man-engine may 
be fitted, as proposed by M6hu, and by Guibal, to 
bring up a constant succession of coal-tubs ; and 
although such modes have not as yet been made 
practically economical, we may rest assured that the 
same art of mining, to which the public is mainly 

* Yiflitmg this pit in 1871) the author fonnd the depth to th« 
l>ottom of a trial staple was 1,064 metres, or 3,489 ieeL 
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indebted for the nDproveinent of the steam-engine and 
for the railway, will not rest without farther develop- 
ment of its appliances.* 

If then, as we have reason to assert, onr better and 
more accessible coals are being so fast wrought oat as 
to threaten an early change of conditions, what, it may 
be asked, can be done' to prevent their exhaastion? 
Oar home consumption must increase, if we are as a 
nation to advance in prosperity, and its only check will 
be from an increase of the price at which it can be 
delivered to the consumer. This, however, as compared 
with the cost of prodaction abroad, will be the turning 
point in our progress. As regards our exports, which 
have risen since 1841 from 1| to near 16 millions 
of tons, constituting above a tenth of our production, 
it has often been suggested, and by grave authorities, 
that a tax should act as a check ; but such an impost 
would undoubtedly be open to serious objections. It 
has been held by certain writers that the exports are 
sure to diminish because other nations are developing 
their own coalfields ; but a little attention to the 
statistics given above will show that during the very 
period of the multiplication, tenfold, of our exports, 
France, Belgium, and Germany have been increasing 
their output no less remarkably than ourselves. The 
fact is, that all the active nations of the world are 
every year requiring more coal than before, and a fair 
inference is that what goes abroad as well as what is 
consumed at home will be an increasing quantity, 
until a higher price per ton operates as a check. 

* An interesting inquiry into this subject, with suggestions for new 
apparatus, wiU be found in Devillez, ^*I>e V Exploitation de la Souille d 
laprofondeur cCau moins milk metres" lA^ge, 1859. 
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But althongh we are thus carried away by the stream, 
it behoves us to take every precaution to navigate our 
craft in the best manner. There are many tilings in 
our individual and collective mode of treating coal 
mines which should be better looked to in the interest of 
those who follow us. We must admit that amid the 
pressure of competition, it is hardly possible to do 
otherwise than take out in the cheapest way whatever 
pays best ; whence the strictures sometimes passed upon 
our wasteful procedures are, however true as regards 
the nation at large, scarcely just to individual workers.* 

The great waste of small coal, although of late years 
less flagitious than formerly, is still a lamentable extra- 
vagance ; for it is not too much to say that millions of 
tons of it are buried up annually, in gobs, stowage, 
crushed pillars, &c. The remedies which we may hope 
to see gradually applied, are as follows : — 

1. The best selected mode of laying out collieries, 
both as regards freedom from crush and creep, avoid- 
ance of an excess of narrow or strait openings, and 
judicious direction of the bords or working faces. 

2. The more general washing of smalls. 

3. The extended use, partly by means of new forms 
of furnace, of slack and the smaller varieties of screened 
coal (pease and dujf) for manufacturing purposes. 

4. Employment of the best methods of coking. 

* ''H est impossible en royant cela, de ne pas pressentir qu'on ya 
tronyeir k chaqne pas les Anglais abusant des avantages naturels qn'ils 
rencontrent dans les gites houiUers de leur pays." — Extract from a 
report. Bnxai, ** Materiel des JI<miUires.** 1865. It is satis&ctory to 
be able to inform onr French critic that, at the colliery which suggested 
hia remark, the state of things is already improved, simply in conse* 
quenoe of l^e increasing demand for slack for manufiictories. 
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5. ImpTovement in the making of ooal*bricks or 
'* patent fnel,'' * and 

6. Last, bat not least, the application of coal-catting 
machines, some of whidi appear to be yer^g dose on 
practical utility, will be the advent of a saving that may 
give as years of prosperity. 

A miserable sight it is too, to see a part of a seam, 
the " roofis " or " benches," as the case may be, when a 
parting becomes so thick, as to prevent the whole group 
of beds from being conveniently worked together, aban- 
doned and left nncared for, with the probability that 
when the present generation has died oat, there will be 
no sign to show that there is still lying there, neglected, 
a tract of what at some fatore day might offer a profit- 
able working. And intolerable, again, it is to observe 
comers and plots of ground sacrificed on account of the 
inconvenient division of properties on the surface; 
when often the avarice or ineptness of some holder of 
surface fields operates as a bar to the regular working 
of colliery proprietors, and of course as an obstacle to 
the development of the national store. 

It appears hardly credible, when we consider how 
easily these sources of sheer waste might be indicated 
in the maps, and when we remember the uncertainty 
and the danger to human life of approaching old 
workings, that no arrangement was, till 1872, made for 
the registry and preservation of proper mining plans. 

* The large proportion of amaU in the Belgian and French coal has 
led the continental colliery proprietors and machinists to deyote mnch 
attention to the mannfMstiire of brigueitei or agghmeret, which, when 
weU made, meet with a large sale. Opinions at present Tary as to the 
best method of cementing the coal fragments, and mnch stress is laid 
on the snbstitation, for pitch or tar, of farinaceona matter, as fii8t> I 
beliere^ practised at Fiinflqrchen in Hungary. 
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In no other country in Europe was there such a laxity 
in a matter of vital importance to our successors. 
Under the first Inspection Act every colliery was 
bound to keep up plans on a certain scale ; but how 
partial was the advantage, when at the end of a lease 
the documents were subject to be lost or destroyed ! 
Under the new Act the Government, when a mine is 
abandoned, insists on the deposition of "accurate 
plans," to be preserved under the care of the Secretary 
of State. And if lessors and lessees, alive to the 
national importance of these documents^ co-operate in 
rendering available at a future day those tracts which 
it may be difficult to turn to present account, we shall no 
longer remain open to the charge of an unworthy 
stewardship of the riches which a bountiful Nature has 
committed to our care* 
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Aberdare coals, rapid exhaustion of 
the, 70 ; colliers' wages at, 243. 

Accidents, from falls, 138, 231; by 
explosion, 145, 232 ; from breaJuge 
of ropes, 172, 238 ; statistics of, 230. 

America, coalfields of, 87. 

Anemometers, 222. 

Ansell, his fire-damp indicator, 202. 

Anthracite, description of, 16. 

Asia, coal in, 98. 

Asterophyllites, description of, 33. 

Australia, coalfields of, 101. 

Austria, coal of, 84. 

Aytonn, disengaging hook, 240. 

Bainbridge, lamps, 201. 

Belgium, coalfield of, 76 ; deep pits in, 

246. 
Belgium, decree on lamps, 202. 
Biram, anemometer, 222. 
Bituminous coals, 17. 
Blasting of coal, 129, 242. 
Bord-gates, or up-hills, 126. 
Bords, dimensions of, 131. 
Boring, methods and expense of, 105. 
Botj's safety-lamp, 198. 
Brown coal, 19. 
Bryham, detaching hook, 240. 
Bucket-lifts of pumps, 178. 
Buddie, his improvements, 133. 
Burat, on wasteful workings, 255. 

Cages, for shafts, 162, 172. 
Caking-coal, 17. 
Calamite, description of, 32. 
Calow's safety-cage, 173. 
Cambois pit,*engine at, 184^ 189. 
Candles, pit-, 191. 
Cannel, 18. 

Carboniferous limestone, 40, 68, 71. 
Carriage, underground, 146. 
'^haudron, his mode of tubbing, 119. 
'na, early use of coal in, 100. 



Clanny's lamp, 193. 

Cleat of coal, 25. 

Coal, old meaning of the word, 1; 
employed by the Romans, 2; in- 
crease of consumption consequent 
on use of hot-blast, 10 ; statistics of 
Great Britain, 13; absence of re- 
ceived definition of, 15; varieties 
of, 16; geological position of, 20; 
cutting and getting of, 129; car- 
riage of, underground, 146; dura- 
tion of, in Britain, 244; giieat 
amount wasted, 251, 255. 

Coal-cutters, 129. 

Coalfields, of Durham and Northum- 
berland, 45 ; Cumberland, 49 ; Scot- 
Land, 52; Yorkshire and Derbyshire, 
55 ; Lancashire, 56 ; North Stafford- 
shire, 58; Shropshire, 60; South 
Staffordshire, 61 ; Warwickshire, 62 ; 
Leicestershire, 63 ; Bristol and Bath, 
64; Forest of Dean, 67; South 
Wales, 68 ; L%land, 71 ; France, 72, 
241; Belgium, 75; Prussia, 78; 
Austria, 84; British North America, 
87 ; the United States, 89; Asia, 98 ; 
Australia, 101. 

Colliery workings of the North, 131; 
Lancashire, 134; other districts, 
135—146. 

Conifene of the coal, 33. 

Conveyance underground, 146. 

Cornish pumps, 182. 

Craig and Bidder's lamp, 201. 

Creep, destruction of coal by, 132. 

Curr, of Sheffield, his improvements 
in conveyance, &g,, 147, 164. 

Cutting of coal, 127. 

Darby, Abraham, succeeds in smelting 
iron with coal, 7. 

Davy, his invention of the safety- 
lamp, 193; use of lamp, 202. 
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UigoaaAe, his boring operationB, 107. 

Depth, 01 pits, at Dukinfield, 58 ; in 
Belgium, 76, 253 ; of boreholes, 107; 
at Kosebridge, 163. 

Detaching hooks, 239. 

Drawing of coal in shafts, 159; ex- 
amples of, 163. 

Drum, for unnding, 169 ; Fowler's, 156. 

Dubrulle's lamp, 196. 

Dudley coal, getting of, 136. 

Dukinfield CoUiery, 163. 

Duration of the coalfields, 244. 

Durham, coalfield of, 45; mode of 
working in, 131 ; out-pu^ 246. 

Duty, of steam-engines, 185, 187. 

Eloin's safety-lamps, 200. 

Engine planes, 157. 

Engines, for winding, 162 ; pnmping, 

184. 
England, coalfields of, 45—67. 
Exports of coal from Britain, 13. 

Fabry, ventilator, 215. 

Faces of coal, 25. 

Fahrkunst, 175, 253. 

Falls, fatal results of, 138, 226. 

Faults, or troubles, 24 ; of the Northern 

coalfield, 48. 
Ferns of the coal-measures, 34. 
Fire-damp, 204, 227. 
Flintshire, section of upper coals, 121. 
Fontaine's safety-cage, 173. 
Forbes, gas detector, 202. 
Fossil pknts, 28. 
Fossils, animal, of the coal, 38. 
Fourdrinier's safety-cage, 172. 
Fowey Consols, duty of engine at, 187. 
Fowler's clip-drum, uses of, 156. 
France, coalfields of, 72, 129, 138, 248. 
Free-burning coal, 16, 70. 
Furnace for ventilation, 206. 

Ganister floor, 26. 

Gas, introduction of, 8 ; early proposal 
to utilise, 51 ; various kinds in coal- 
pits, 203. 

General rules, 225. 

Gin, horse-, 160. 

Grand Homu colliery, 168, 169. 

Greenwell, on the Durham coal, 246. 

Guibal's fans, 213. 

Guides, or conductors, in shafts, 164. 

Hall, Mr. T. T., on the Northern coal- 
field, 246. 



Halonta, 32. 
Hann, safety-lamp, 201. 
Hartley, fracture of beam, 189. 
Head-stocks, 170 ; of iron, 171. 
Hetton colliery, furnaces at, 208. 
Holing the coal, 127. 
Hot-blast, introduction of, 9. 
Hull, Mr. £., on coal resources, 246. 

India, coalfield of, 99. 

Inspection, the Government, 222, 249. 

Jars, M., his account of the White- 
haven collieries, 51. 
Jevons on the coid question, 245, 247. 

Keene, Mr., statements on Anstralian 

coals, 102. 
Kind, Herr, his modes of boring, 107. 
Kirkless Hall coUieiy, 163. 

Lamps, 190 ; safetv, 193. 

Lancashire, coalfield of, 56 ; modes of 
working in, 134. 

Lemielle's ventilator, 215. 

Lepidodendron, description of, 30. 

Leschot's diamond borer, 108. 

Levels, driving of, 121; inclination 
of, 125. 

Lifting-pumps, 178. 

Lignite, description of, 19; of Ger- 
many and Hungary, 83, 85. 

Liveing, gas detector, 202. 

Llanelly, upper coals of, 69. 

Long-wall working, 139. 

Magnetic lock, 201. 

Main beam of engines, 188. 

Man-fngine, 175, 246. 

Marco Polo, his account of coal, 100. 

Millstone grit, 40. 

Mollnsca of the coal-measures, 39. 

Monkwearmouth coUierv, 46, 163, 165. 

Montceau, working thick coal at, 138. 

Morison's safety-lamp, 201. 

Mueseler's lamp, 199. 

Murdoch, early use of gas, 9. 

Mushet, discoverer of black-band, 11. 

Navigation pit, Aberdare, 130, 164. 

New Brunswick, coal of, 87. 

Newcastle, early workings at, 2 ; coal- 
field of, 45; its probable duration, 
246. 

Newcomen, his atmospheric engines, 
6, 161, 177. 
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Nixon's ventilator, 213. 
Northumberland, 48, 246. 
Nova Scotia, coal of, 87. 
Nysf 8 safety-cages, 173. 

Or^nic remains, 28. 

Origin of coal, 41. 

Overwinding, accidents bv, 171, 239. 

Owen's safety-^age, 175, 176. 

Fapin, inventor of the piston, 6. 
Parachutes, or safety-cages, 172. 
Pennsylvania, coal trade of, 92. 
Pick, varieties of, 126. 
Pillar working, 130, 133, 135, 137. 
Pittsburg, fine seam of, 91. 
Planes, engine-. In collieries, 157. 
Plans, neglect of registration of, 241, 

256. 
Plans, requirement of, under new Act. 

256. 
Plants of the coal-measures, 29. 
Plunger pumps, 181. 
Post and stall work, 130. 
Potteries coalfield, 59. 
Price of coals high in Belgium, 78, 

and in France, 75. 
Prussia, important coalfields of, 78, 82. 
Pulley-frames, 170. 
Pumping of water, 176 ; engines, 184. 

Bails, first employed by the Germans, 

146 ; improved by Curr and others, 

147. 
Baising in shafts, 159. 
Beporting of steam-engines, 186. 
Beptiles of the coal period, 38. 
Boads, underground, 125, 142, 147, 

157. 
Bogers, Prof., his account of American 

coalfields, 89. 
Boof of coals, 26 ; accidents from, 231. 
Bopes, 168. 

Bosebridge colliery, 58, 163. 
Bnles, general, 225. 
Bussia, coal-measures of, 85. 

Saarbriick, important coalfield of, 79. 

Safety-cages, 172. 

Safety-lamps, 193; where necessary, 

201 ; rules for use of, 236. 
Savery, his engine, 5. 
Saxony, coal of, 83. 
Scotland, coalfields of, 52. 
Scottish iron trade, 11. 
Seams, variation in thickness, 27, 67. 
'^^ton Delaval colliery, 164, 171, 236. 



Shafts, form of, 109; difficulties of 
sinking, 110; lining of. 111; tub- 
bing, 114; drawing in, 159 ; deepest 
now working, 253. 

Shireoaks colliery, tubbing at, 118; 
winding, 168. 

Sigillaria, description of, 29 ; forming 
chief mass of certain coads, 83. 

Silesia, coalfields of, 81, 84. 

South America, coal of, 103. 

Spain, coal production of, 85. 

Staffordshire coalfields, 58, 61 ; work- 
ings in, 136. 

Statistics of coal production in Britain, 
13; of Northern coalfield, 49; of 
coals of Scotland, 64 ; of the cen- 
tral English fields, 63 ; of Prussia, 
82; United States, 95; Saxony, 84; 
of accidents in coal mines, 230. 

Steam-engines, invention of, 5 ; under- 
ground, 158; for winding, 162. 

Steam-jet for ventilation, 216. 

Steel mill, of Spcdding, 192. 

Steel ropes, 168. 

Stephenson's safety-lamp, 196. 

Sternbergia, 33. 

Stigmaria, description of, 30. 

Struve's ventilator, 212. 

Teale's lamps, 201. 

Temperature of upcast pits, 208; of 
mines, 252. 

Ten-yard coal of Dudley, 61. 

Thick coal, of South Staffordshire, 61, 
136 ; of central France, 74, 138. 

Thickness of coal-measures in South 
Wales, 69 ; in Saarbruck, 80. 

Thill, or floor of coal-seams, 25. 

Thin coals worked in Somersetshire. 
65, 142. 

Timbering of levels, Ac, 124. 

Tresavean, example of pit-work, 182. 

Trevithick, his improvements in boil- 
ers, 186. 

Triger, his mode of [inking in watery 
ground, 113. 

Tubbing of shafts, methods of, 114. 

Tubs, or trams, in collieries, 152. 

Turkey, coalfield in Asiatic, 98. 

United States, coalfields of, 89; pro- 
duction of, 95. 

Ventilating-machines, 209. 
Ventilation, 204, 233; spontaneous, 
207 ; artificial, 208. 
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Wages, rate of colliers', 243, 250. 
Wales, North, coalfield of, 121. 
Wales, South, coalfield of, 68 ; modes 

of working in, 135, 143. 
Water-balance, for raising coal, 161. 
Watt's engines, 185. 
Wealden coal, in Germany, 81. 
Westphalia, coalfield of, 79, 82 ; stone 

tabbing in, 119. 
Whitehaven collieries, 50 ; dam doors 

in, 233; first use of gas, 51. 



Williamson's lamp, 201. 

Winding of coal, 159. 

Windlass, raising of coal by, 159. 

Winnine of a colliery, 122. 

Wood, Nicholas, on railways, 148, 154. 

Yorkshire, method of working in, 
145. 

Zwickau, early wor ings at^S. 
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Flow of Water.— VI. On the Selection of the Source of Supply.— VII. Wells.— 
VIII. Reservoirs. — IX. The Purification of Water. — X, Pumps. — XI. Pumping 
Machinery.— XII. Conduits. — XIII. Distribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. — XVII. Description of Plates. — Appen- 
dices, giving Tables of Rates of Supply, Velocities, &c. &c., together with 
Specifications of several Works illustrated, among which will b« found : — Aberdeen, 
Bideford, Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 

OPINIONS OF THE PRESS. 

" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language." — Engineer (first notice). 

" Mr. number's work is characterisea almost throughout by an exhausliveness 
much more dbtinctiye of French and German than of English technical treatises."— 
Engineer (third notice). 

** We can congratulate Mr. Humber on having been able to give so large an 
amount of information on a subject so important as the water supply of cities and 
towns. The plates, fifty in number, are mostly drawings of executed works, and 
alone would have commanded the attention of every engineer whose practice may lie 
in this branch of the profession."— ^»i7</fr. 

B 
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numbers Modem Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1863. Compiismg Civil, Mechanical, Marine, Hydianlic, 
Railway, Bridge^ and other En^eering Works, Ac By William 
HuMBSR, Assoc. InsL C.E., &c Imp. 4tc^ with 36 Doable 
Plates, drawn to a large scale^ and Photographic Portrait of John 
Hawkshaw, CE., F.R.S., &c. 3/. yx, half morocco. 

" Handsomdy lithographed and pfinted. It will find finpour vidi many who deaie 
to preserve in a pennanent fonn copies of the plans and yedfications prtpared for the 
gnidanoe of the contractors for many imi M Btanr cnginearmg woiks.* — Engmggr. 

Humberts Modem Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 

ING, 1864.; with Photographic Portrait of Robeit Stephenson, 

CE., M.P., F.R.S., &C. 3/1 3x. half morocca 

*' A risumi (tf all the more interesting and important works hody completed in Great 
Britain ; and containing, as it does, careliilly executed drawingSL wiui lull workiqg 
details, it will be found a valuable accessory to die profession at vaxfit^'— Engineer. 

" Mr* Humber has done the ivofession good and true service^ by the fine ooOectiaB 
of examples he has here farougnt before uc proftttion and the poblic."— ^ntc/ilM/ 
Mechanics' journal. 

Humberts Modem Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 

ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a laige 

scale, and Photo. Portrait of J. R. M*Clean, Esq., late President 

of the Institution of Civil Engineers. 3/. 3x. half morocco. 

"No engineer, architect, or contractor should fail to preserve these records of 

works which for magnitude have not their parallel in the present day, no student in 

the i»v>fession but should carefvill^r study the details of these great works which he 

may one day be called upon to imitate if not to surpass.** — Mechanics^ Magazine. 

Humberts Modem Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Elngineers. 3/. 3^. half morocco.'* 

" Of peculiar value, as well to those who design as to those who study the art of 
engioeering construction. Mr. Humber embodies a vast amount of practical infor- 
mation in ^e form of full descriptions and working drawings of all the most recent 
and noteworthy engineering works." — Mechanics' Magazine. 

HumbcT^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst C. E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to, 6/. i6f. dd, half- bound 
in morocco. 

*' Mr. Humber's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of our most eminent engineers, 
are drawn and specified in great detaiL" — Engineer. 

*' A book— and particularly a large and costly treatise like Mr. Humber's — vvhicli 
has reached its third edition may certainly be said to have established its O'wn 
reputation." — Engineering, 
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Strains yFormuUe & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with nmnerous Details for Practical Application, &c. By William 
HUMBER, Assoc. Inst. C.E., &c. Third Edition. "With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, Is, 6d, cloth. 

'* The arrangement of the matter in this little volume is as convenient as it well 
could be. . • .. > The system of employing diagrams as a substitute for complex 
jcomputations is one justly coming into great favour, and in that respect Mr. Humberts 
volume b fully up to the times."— -fff^«^^ri«^. 
" The formulae are neatly expressed, and the diagrams zooA,** •'■Athenaum, 
"_Mr. Huraber has rendered a great service to the architect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iron 
beams, roofs, and bridges by means of diagrams." — Builder, 

Barlow on the Strength of Materials. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. \ and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, Assoc. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, and numerous 
woodcuts, i&r. cloth. 

"The best book on the subject which has yet appeared. .... We know ot 
no work that so completely fulfils its mission." — English Mechanic. 

'* The standard treatise upon this particular subject."— £»^i«^^r. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 

for setting out Curves from 5 to 200 Radius. By Alexander 

Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 

and sold in a doth box, waistcoat-pocket size, 3^*. bd, 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 

the hands free to manipulate the instrument — no small advantage as regards the rapidity 

of work. They are clearly printed, and compactly fitted into a small case for the 

pocket — an arrangement that will recommend them to all practical men." — Engineer. 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per cwt. to Ii2j. per 
cwt., and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to 100 tons ; to which are 
appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. ; also Tables of Weights of Materials, 
and other Useful Memoranda. By Thomas Downie. Strong^ly 
bound in leather, 396 pp., 9J. 
" A most useful set of tables, and will supply a want, for nothing like them before 

existed." — Building News. 

" Will save the possessor the trouble of making numerous intricate calculations. 

Although specially adapted to the iron and metal trades, the tables contained in this 

handy Tittle companion will be found useful in every other business in which mcr< 

chandise is bought and sold by weight."— ^rt<Vtt«»y Newi. 

B Z 
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Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air ; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinneak Clark, M. I. C. E., Author 
of * Railway Machinery,' &c., in one vol. 8vo, with numerous illus- 
trations and thirteen folding plates, i&f. cloth. \yust published, 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery/ but the more moderate dimensions of 
* Tramways ' will place it within the means of every individual, instead of limituig 
its purchase to institutions or to those having a large practice." — The Ennneer. 
" Mr. Clark's book is indispensable for the students of the subject."— >7^A^ Builder. 
^ ** An exhaustive and practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be found. . . . The other parts of Mr. Clark's valuable treatise relating 
to cost and expenditure, and tramway cars, are handled in the same thorough 
manner." — Building News. 

Iron and Steel. 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, Useful, and Trustworthy 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and M«tal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen. By Charles Hoarb, Author of 
*The Slide Rule,* &c Eighth Edition. Revised throughout and 
considerably enlarged. With folding Scales of '* Foreign Mea- 
sures compared with the English Foot," and "fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c." 
Oblong, 32mo, leather elastic-band, 6j. 

" For comprehensiveness the book has not its equal." — Iron. 

'* One of the best of the pocket books, and a useful companion in other Iwanches of 
work than iron and steel." — English Mechanic. 

" We cordially recommend this book to those engaged in considering the details 
of all kmds of iron and steel '<ttQx)t&*''— Naval Science, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, Assoc. Inst. C.E., Author of 
**The Art of Building," &c. With numerous Plates and Wood 
Engravings. Crown 8vo, ioj. 6^. cloth. 

*• A most useful handbook to engineering pioneers." — Iron. 

" The author's experience has been turned to good account, and the book is likely 
to be of considerable service to pioneer engineers." — Building News. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C.E, Second Edition, with 5 plates. Royal 8vo, 5j. cloth. 

"The student cannot find a better little bo6k on this subject than that' written by 
Mr. Sheilds." — The Engineer, 



PUBLISHED BY CROSBY LOCKWOOD & CO. 5 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fouith 
Edition, revised and much enlarged. i2mo, cloth boards, 5j. 
" Carefully written, it has the merit of brevity and conciseness, as to less important 

pomts, while all material matters are very fully and thoroughly entered mto." — 

Standard. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. A useful book for Members of Local Boards and Rural 
Sanitary Authorities, Health Officers, Engineers, Surveyors, 
Builders, and Contractors. By Charles Slagg, Assoc. Inst. C.E. 
Crown 8vo, 3^. cloth. 

"This is a very useful book, and may be safely recommended The author, 

Mr. Charles Slagg, has had practical experience in the works of which he treats. 
There is a great deal of work required to be done in the smaller towns and villages, 
and this little volume will help those who are willing to do xX.."'— Builder. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GooDEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," **The Elements of Mechanism," &c. Second 
Edition. With numerous Illustrations. Crown 8vo, 6j. cloth. 

" Professor Goodeve has given us a treatise on the steam engine, which will bear 
comparison with anything written by Huxley or Maxwell, and we can award it no 
higher praise." — Engineer. 

** Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— -^wm^ Journal, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of" Tramways, their Construction and Working," 
&c., &c. With numerous Illustrations. i2mo. 3J. dd. cloth boards. 

\yu5t published. 
" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coal Trades Review. 

" Seems a model of what an elementary technical book should b^. The book will 
be useful to all young engineers," — Academy. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr, 
John Sewell's Treatise on Steam. By D. Kinnear Clark, 
C.E., M.I.C.E., Author of " Railway Locomotives," &c. Second 
Edition Revised. With Illustrations. i2mo, 4?. cloth. 

" Every essential part of the subject is treated of competently, and in a populr 
style.*'— /rtf». 
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Fuels. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. With numerous Illustrations. 
i2mo. 5 J. cloth boards. [Just published. 

" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer. 

" The book is a valuable one, and will be found of great interest to Gas Engineers 
and Managers."— Gaj Trade Circular. 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The- Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed by D. Kinnear 
Clark, C. E. — II. Recent Practice in the Construction of Roads 
and Streets : including Pavements of Stone, Wood, and Asphalte. 
By D. Kinnear Clark, C.E., M.I. C.E. With numerous 
Illustrations. i2mo, 5^. cloth. 

" A book which every borough surveyor and engineer must possess, and which will 
be of considerable service to architects, builders, and property owners generally.**— 
Building News. 

** To highway and town surveyors this book will have the utmost value, and as con- 
taining the largest amount of information in the shortest space and at the lowest price, 
we may predict for it a wide circulation." — yournale/Gas Lighting, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E, 
Fifth Edition. i2mo, 6j. cloth. 

** The best work on boilers which has come under our notice." — Engineering. 
" The best treatise that has ever been publbhed on steam boilers." — Engineer, 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Timnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By FREDERICK Walter Simms, M. Inst. C.E., author 
of "A Treatise on Levelling." Third Edition, Revised and Ex- 
tended. By D. Kinnear Clark, M. Inst. C.E. Imp. 8vo, with 
21 Folding Plates and numerous Wood Engravings, yds. cloth. 

" Mr. Clark's additional chapters on the Mont Cenis and St. Gothard Tunnels contain 
minute and valuable experiences and data relating to the method of excavation by 
compressed air, the heading operations, rock-boring machinery, process of enlarg^e- 
ment, ventilation in course of construction by compressed air, labour and cost, &c. " 
— Building News. 

" The estimation in which Mr. Simms' book on tunnelling has been held for over 
thirty years cannot be more truly expressed than in the words of the late Professor 
Rankine : — ' The best source of information on the subject of tunnels is Mr. F. W. 
~=mms' work on " Practical Tunnelling." '^The Architect. 
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Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, Member of the Society of Engineers, formerly Loco- 
motive Inspector L. B. and S. C. R. Fourth Edition, greatly 
enlarged. Comprising A KEY TO THE LOCOMOTIVE 
ENGINE. With Illustrations and Portrait of Author. Crown 
8vo, 4f. 6(/. cloth. 

" Mr. Reynolds deserves the title of the engine driver's friend." — Railway News. 

" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 
recommend the book not only to the practical driver, but to every one who takes an 
interest in the performance of locomotive engines." — The Engineer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This 
admirable practical treatise, of the practical utility of which we have to speak in 
terms of warm commendation." — Atheneeum, 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving." With numerous Illustrations, 
and a fine Portrait of George Stephenson, "the Father of Rail- 
ways." Crown 8vo. 4f. td, cloth. \Just published. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in tlie Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst, C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts, ovo, 
&f. 6^. cloth. ** Trautwine on Curves, separate, 5^. 

" One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume."— Af/nm^ yaurnal, 

** The text-book on levelling in most of our engineering schools and colleges. "•« 
Mngineer. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an. Exposition 

of its Comparative Merits, and an Essay towards an Improved 

System of Construction, adapted especially to secure Safety and 

Economy. By Dr. Ernst Alban, Practical Machine Maker, 

Plan, Mecklenberg. Translated from the German, with Notes, by 

Dr. Pole, F.R.S., M. Inst C.E., &c., &c. With 28 fine Plates, 

8vo, idr. (id, cloth. 

'* A work like this, which goes thoroughl;$r into the examination of the high-pressvire 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library. "-->S'/«'<i!i« SfUp^ittg Chronicle, 
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Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Crown 8vo, 6j. cloth. 
"A useful and practical hand-book on an important industry." — Engineering. 
" There is no other book which contains so much information concerning the pro- 
cedure observed in taking quarries, the processes^ employed in working them, and 
such full statistics of the present and past position of the great slate trade of 
Wales."— rA^ Architect. 

Metalliferous Mining, 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies. F.G.S., author of " A Treatise on 
Slate and Slate Quarrying." Illustrated with numerous wood en- 
gravings, crown 8vo. \In preparation. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I, A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14J. cloth. 

"Undoubtedly an exceedingly useful and elaborate compilarion." — Iron. 

*' Alike \'aluable to students and engineers in practice." — Mining youmal. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, M.I.C.E., 
Author of ** Elementary Principles of Carpentry." Fifth Edition, 
Edited by E. Hodgkinson, F.R.S. With 9 Engravings and 
numerous Woodcuts. 8vo, 12s, cloth. 

Minings Su^rveying and Valuing. 

' THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
.of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Minmg and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, \s. cloth. 

" Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy." — Iron and Coal Trades Revievo, 

♦^* The above, bound with Thoman's Tables. (See page 21.) 
Price 7j. 6^, cloth. 

Common Sense for Gas-Users. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c., &c. By Robert Wilson, C.E., Author of " A 
Treatise on Steam Boilers." Second Edition. Crown 8vo, sewed 
with Folding Plates and Wood Engravings, 2J. 6^^, 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Cro\ra. New edition, revised and corrected. 

l2mo, with numerous Illustrations, 45. cloth boards. 

" Every portion of the volume appears to have been prepared with much care, and 
as an outlme is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers." — Mining Journal. 

Earthwork, 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
Campin, C.E. Cr. 8vo, oblong, 5^. cloth. 

"The way in which accuracy is attained, by a simple division of each cross 
section into three elements, two of which are constant and one variable, is in- 
genious." — A themeum. 

Trigonometrical Surveying, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, idr. cloth. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation • 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 45. cloth, 
** We can most heartily commend this book." — Engineering. 

'* We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades." — Mechanic^ Magazine. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Miniag at the Bristol School of Mines. Volume of Text. 
i2mo, 3x. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s. Together, 9^. cloth boards. 

" Students in the Science of Mining, jmd Overmen, Captains, Managers, and 
Viewers may gain practical knowledge and useful hmts by the study of Mr. 
Morgans' lUxa^l.**— Colliery Guardtau. 

"A very valuable work, which will tend materially to improve our mining liten* 
tax^"— Mining Journal, 
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Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORX, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
vols, in one, cloth boards, i/. 5^. (published at 2/. 41.) 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
C.E. New and enlarged edition, i2mo, 4J. td, cloth. 

" One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-estimated." — Bradford Observer, 

Steam, 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 

" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity. "-~^^^A Mechanic, 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Midtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous wood-cuts. Fourth Edition, enlarged. Crown 8vo. 
1 2 J. cloth. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Atkeiueum, 

** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession."--J)f(«M>^ 

Earthwork^ Measurement and Calculation of. ' 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, zs. 6d. doth. 

" As a really handy book for reference^ we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will fund a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for 'the more exact calculations 
Tequired in the engineers' contractor's offices. ''—v4r/»a». 
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Bridge Construction in Masonry^ Timber y & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W, Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, 2/. I2J. 6df, half- 
morocco. 

" One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-dav practice of uie railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its y^yx^^—Engineering. 

Drawing for Engineers y &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 

South Kensii^on. Third Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 41. 

" Even accomplished draughtsmen will find in it much that will be of use to them. 
A copy of it should be kept for reference in every drawing office." — Engineering, 
** Indispensable for teachers of engineering drxwlng,*''^Mechanics* Magazine, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By ToHN Hart. Third Edition, with 
Plates. Imperial 8vo, &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s. cloth. 

" The standard text book for all engineers regarding skew arches is Mr. Buck's 
treatise and it would be impossible to consult a better,"— Engitieer, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised and corrected by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of ** Ure's Dictionary of Arts," 
&c. l2mo, cloth boards, (is. 

" The best small technological dictionarj' in the language." — Architect 

"There is no need now to speak of the excellence of this work ; it received the ap- 

proval of the community Ions ago. Edited now by Mr. Robert Hunt, and published 

in a cheap, handy form, it will be of the utmost service as a book of reference scarcely 

to be exceeded in value." — Scotsman. 
" The absolute acciuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and ver^'- 

Qomplete"— Mining Jourtutl, 
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NAVAL ARCHITECTURE AND 
NAVIGATION, ETC. 

Pocket Book for Naval Architects & Shipbuilders, 

THE NAVAL ARCHITECTS AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, Naval 
Draughtsman, Associate of the Institution of Naval Architects. 
With numerous Diagrams, &c i2mo, strongly bound in leather, 
with elastic strap for pocket, I2j. 6d, \jf^st ready, 

Grantham s Iron Ship-Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlaiged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, doth limp. 
By John Grantham, M. Inst. C.K, &c. 2/. tj. complete. 

" A very elaborate work. . . . It forms a most valuable addition to the history 
of iron shipbuildmg, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all interested in shipbuilding." — Army 
and Navy Gazette. 

*' Mr. Grantham's work is of great interest. . . . It is also valuable as a recced 
of the progress of iron shipbuilding. ... It will, we are confident, command an 
extensive circulation among shipbuilders in general. . . . By^ order of the Board 
of Admiralty, the work will form the text-book on which the examination in iron ^ip- 
building of candidates for promotion in the dockyards will be mainly based."— 
JSn^ineering^. 

Pocket-Book for Marine Engineers. 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formulae in a compact form. By Frank 
Proctor, A.I.N.A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, 4J. 
"We recommend it to our readers as going far to supply a long-felt want."— 
Naval Science. 
"A most useful companion to all marine engineers." — United Service Gazette, 
** Scarcely anything required by a naval engineer appears to have been for- 
gotten."— /r(W*. 

Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8yo, 2Ij. cloth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, RiverUy 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. Svo, I2j. 6^. cloth. 

"A most useful and well arranged book for the aid of a student" — Builder. 

" Of the utmost practical utility, and may be safely recommended to all students 
who aspice to become clean and expert surveyors."— ^mt»^ journal. 
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Storms. 

STORMS ! their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. With Coloured Plates and numerous 
Wood Engravings. Crown 8vo, lOJ. 6d. cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. Part I. How to keep the Log and Work it off. Part II. 
On Finding the Latitude and Longitude. By James Green- 
wood, B. A. To which are added, the Deviation and Error of the 
Compass ; Great Circle Sailing ; the International (Commercial) 
Code of Signals ; the Rule of the Road at Sea ; Rocket and Mortar 
Apparatus for Saving Life ; the Law of Storms ; and a Brief 
Dictionary of Sea Terms. With numerous woodcuts and coloured 
plates of flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rosser, Author of the "Deviation of the 
Compass considered practically," "The Yachtsman's Handy-Book 
for Sea Use," &c., &c. i2mo, 31. cloth boards. [Just published. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. [Just published. 

Navigation {Practical), with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, ^s, strongly half bound in leather. 

[Just published, 

WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture, etc.y are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fourteenth Edition. Illustrated. 
i2mo, zs. 6d, cloth boards. 

SAILS AND SAIL-MAKING. Tenth Edition, enlarged, with an 
Appendix. By Robert Kipping, N.A. Illustrated. i2mo, 3^. 
cloth boards. 

NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 
with Plates and Diagrams. i2mo, 4^. cloth boards. 

MARINE ENGINES, AND STEAM VESSELS. By Robert 
Murray, C.E. With a Glossary of Technical Terms, and their 
Equivalents in French, German, and Spanish. Seventh Edition. 
Illustrated. i2mo, 3^. (>d. cloth boards. 



14 WORKS IN ARCHITECTURE, ETC., 

ARCHITECTURE, &C. 

♦ 

Construction. 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tahn, M.A., 
Architect. With 47 Wood Engravings. Demy 8vo. &. td, doth. 
" A very valuable book, which we strongly recommend to all students." — BuiUUr 
'* No architectural student should be wiuiout this hand-book." — Architect, 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Buil(Ung collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ''Quantities and 
Measurements." Second Edition. Carefully revised. 33 Wood- 
cuts. Leather. Waistcoat-pocket size, is, 6d. 

Beaton* s Builders* and Surveyors' Technical Guide, 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS : containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton. Second Edit. 
With 19 Woodcuts. Leather. Waistcoat-pocket size. ix. 6d, 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of "TheSpiresand Towersof the Mediaeval Churches of Eng- 
land," &c. 31 Plates, 4to, half morocco, gilt edges, i/. \s, 
*^^* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. 2j. half morocco. 
" The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive." — Building News, 

House Painting, 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of * * Building Construction," &c. 
Second Edition, carefully revised. i2mo, 6s. cloth boards. 
<' Contains a mass of information of use to the amateur and of value to the practical 
man.'*— £ngiish Mechanic, 

Wilsons Boiler and Factory Chimneys, 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of ** Treatise on Steam Boilers," &c., &c. 
Crown 8vo, 3J. (yd. cloth, 
"A most valuable book of its kind, full of useful information, definite in statement, 
and thoroughly practical in treatment" — The Local G<n>emtnent Qhronkle, 
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A Book on Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL. 
By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S., 
Author of ** Clocks and Watches and Bells," &c. Crown 8vo, 

with Illustrations, 7^. 6d, cloth. 

*' A book which is always amusing and nearly always instructive. Sir £. Beckett 
will be read for the raciness of his style. We are able very cordially to recommend 
all persons to read it for themselves. The style throughout is in t^ie highest degree 
condensed and epigrammatic. " — Tunes. 

" We commend the book to the thoughtful consideration of all who are interested 
in the building 9it."— Builder, 

Architecture^ Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2j. 
*^* Sold separately f in two vols,^ as follows — 

ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius 
and Aberdeen's Grecian Architecture. Price 6s, half bound. 

N. B. — This is the only edition of VITRUVIUS procurable at a 
moderate price, 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett 6s. half-bound. 

The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect, Author of " The Palace of Architecture," &c., &c 
New Edition, revised and enlarged. By G. Huskisson Guil- 
LAUME, Architect. Numerous illustrations. i2mo, cloth boards, 45. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments. "~/lfrA(/rc/. 

" Contains a larze amount of information, which young architects will do well to 
acquire, if they wish to succeed in the everyday work of their profession."— ^Mff/wA 
Mechanic, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *js, 6d, boards. 

Builders and Contractors Price Book. 

LOCKWOOD & CO.*S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK for 1879, containing the latest prices of all kinds 
of Builders' Materials and Labour, and of all Trades connected 
with Building, &c., &c. The whole revised and edited by 
Francis T. W. Miller, Architect and Surveyor. Fcap. 8vo, 
strongly half-bound, 4r. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 

up Specifications and Contracts for Works and Constructions. 

Illustrated by Precedents of Buildings actually executed by eminent 

Architects and Engineers. Precejied by a Preliminary Essay, and 

Skeletons of Specifications and Contracts, &c., &c By Professor 

Thomas L. Donaldson, M.I.B.A. With A Review of the 

Law of Contracts. By W. Cunningham Glen, of the 

Middle Temple. With 33 Lithographic Plates, 2 vols., 8vo, 2/. 2j. 

" In these two volumes of z,ioo pages (together), forty-four specifications of executed 

works are given, including the specifications for parts of the new Houses of Parliamentt 

by Sir Charles Barry, and for the new Royal Exchange, bv Mr. Tite, M.P. 

Donaldson's Handbook of Specifications must be bought by aiU arcnitects."— >^t«ti&^!rr . 

Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S. A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under' the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detaiL Large folio, with 130 Plates, 
half-bound, 3/. 3j. 
*^^* Originally published in two volumes, folio, at 18/. i8x. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 

A Guide to the Architect, Engineer, Surveyor, and Builder ; with 

an Essay on the Structure and Science of Modem Buildings. By 

Frederick Rogers, Architect. With numerous Illustrations. 

Demy 8vo, i^s. cloth. (Published at i/. lOr.) 

*;»* A volumeof specifications of a practical character being greatly required, and the 

old standard work of Alfred Bartholomew being out of print, the author, on the basis 

of that work, has produced the above. He has also inserted specifications of woiics 

that have been erected in his own practice. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What wiU it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, cloth, 3/. (xi. 

" In two years it will repay its cost a hundred times over." — Field, 
" A very handy book for those who want to know what a house will cost to build, 
alter, or repair.*' — English Mechanic. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information '( for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c., &c. By Frederick Rogers, Architect, 
Author of ** Specifications for Practical Architecture," &c With 
numerous Illustrations. Crown 8vo, dr. clotiu 
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CARPENTRY, TIMBER, MECHANICS. 

« 

TredgolcPs Carpentry^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. lu 
I vol., 4to, published at 2/. 2^"., reduced to i/. 5^. cloth. 

" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new \as,\xc,**'-BuUder. 

**A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic y?\\xc*'-'Buiiding News. 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Information for the Retailer and Builder. 
Second Edition. Carefully revised and corrected. i2mo, 3J, 6d. 
doth. 



*' Everything it pretends to be : built up gradually, tt leads one from a forest to a 
treenail, and throws in, as a makeweieht, a host of material concerning bricks, columns, 
cisterns, &c. — all that the class to whom it appeals rec^uires." — English Mechanic. 

** The only difficulty we have is as to what is not in its pages, what we have tested 
of the contents, taken at random, is invariably correct." — I llustr»ted Builder' syoumal. 



'Tables for Packing-Case Makers. 

PACKING-CASE TABLES; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches square and 

upwards. Compiled by William Richardson, Accountant. 

Second Edition. Oblong 4to, 3J. 6d. cloth. 

"Will save much labour and calculation to packing-case makers and those who use 
packing-cases." — Grocer, " Invaluable labour-saving tables." — Ironmonger. 

Nicholson's Carpentet^s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne, With 74 Plates, 4to, i/. u. cloth. 
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Dowsing' s Timber Merchants Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of D«ds and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By Wtlliam Dowsing, 
Timber Merchant Third Edition, Revised and Corrected. Crown 
8vo, 3J. cloth. 
"Eveiything is as concise and dear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertiser, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6j. doth. 

Hortofis Measurer. 

THE COMPLETE MEASURER ; settmg forth the Measure- 
ment of Boards, Glass, &c., &c ; Unequal-sided, Square-sided, 
Octagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing me trees, 
&C. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided colunm. By Richard Horton. 
Third edition, with considerable and valuable additions, l2mo, 
strongly bound in leather, 5^. 
"Not only are the best methods of measurement shown, and in some instances 
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest 
dealers are fully exposed The work must be considered to be a valuable addi- 
tion to every gardener's library. — Garden. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By jAMES Haw- 
KINGS. Fcp. 3J. dd. cloth. 

Practical Timber Merchant 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c«y 
comprising useful Tables for all purposes connected with the 
Timber Trade, Marks of Wood, Essay on the Strength of Timber, 
Remarks on the Growth of Timber, &c. By W, RICHARDSON. 
Fcap. 8vo, 3J. td^ cloth. 
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The Mechanics Workshop Companion, 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By V/illiam Templeton. Twelfth 
Edition, with Mechanical Tables for Operative Smiths, Millwrights, 
Engineers, &c. ; and an Extensive Table of Powers and Roots, 
&c., &c. II Plates. i2mo, 5j. bound. 

" As a text-book in which mechanical and commercial demands are judiciously met, 
Tbmpleton's Companion stands yxDX\\^t^**— Mechanics' Magazine. 

" Admirably adapted to the wants of a very large class. It has met with g:reat 
success im the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work. " — BuiMittj* Netus» 

Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by William Templeton. 6th Edition. i8mo, 2j. 6d, 
cloth. 

'* So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our TtaAcx^." ^-Mechanics' Magazine. 

"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly hewasid^"— Building News, 

Designings Measuring^ and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, ioj. 6^. cloth. 
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' We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, that is not fully treated upon."— 7%^ Artizan, 
" Altogether the book is one which well fulfils the promise of its title-pa^e, and we 
can thoroug^hly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students."— £ff^t»^tfr»^. 



Plumbing. 



PLUMBING ; a text-book to the practice of the art or craft of the 
plumber. With supplementary chapters upon house- drainage, em- 
bodying the latest improvements. By William Paton Buchan, 
Sanitary Engineer. i2mo, with 300 illustrations. 3^. dd, cloth. 

"Will be welcomed as the work of a practical master of his trade." — Public Health. 

*' The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house- building." — Iron. 

*' A book containing a large amount of practical information, put together in a very 
intelligent manner, by one who is well qualified for the ^ask."— C/<^ Pre^i^^ 
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MATHEMATICS, &c. 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chi^y 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College; Author of "A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. ix. doth. 

** The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that mav arise in lus practice. The rules are in all cases 
explained by means of examples, in which every step of the process is clearly worked 
out."— -ffw/^^r. 

" One of the most serviceable books to the practical mechanics of the country. 

In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 

Paragraphs here and there, and corrected the numerous typographical orors which 
ave escaped the eyes of the former Editor. The book is now as complete as it is 
possible to make it. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them.** — Building' News. 

" As a standard work on mathematics it has not been excelled.**— .^r/tson. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric S3rstem at present in use on the Continent By C. H. 
DowLiNG, C. E. Second Edition, revised and enlarged. 8vo, 
\os, 6d. strongly bound. 

" Mr. Dowling*s Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the oi!ixcx**-^Atke9ueum, 

"Tlieir accuracy has been certified by Prof. Airy, Astnuiomer-RoyaL"— ^MZ(/#r. 

" Res«lution 8.— -That advantage will be derived from the recent publication of 
Metric Tables, by C H. Dowling, C.K,'*— Report 0/ Section F, Brit. Assoc., Bath. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, Sheffield, Author 
of "The Discount Guide." An entirely New Edition, carefully 
revised. Royal 8vo, strongly half^bound, i/. 5J, \Just published. 
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Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sura that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from *i4 to 90 per cent.. 
Tables of Discount from i^ to 98I per cent., and Tables of Commis- 
sion, &c., from I to 10 per cent. By Henry Harben, Accountant, 
Author of " The Weight Calculator." New Edition, carefully Re- 
vised and Corrected. Demy 8vo (544 pp.), half-bound, ;fi 5J, 

InwoocTs Tables y greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Neict 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect The 20th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F^DOR Thoman^ of the Soci^t^ 
Credit Mobilier of Paris. i2mo, %s, cloth. 

" Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insiuances, &c., will 
find the present edition of eminent iitry\c^y'--Engineering. 

*' * Inwood's Tables' still maintain a most enviame reputation. The new issue has been 
enriched by large additional contributions by M. Fddor Thoman, whose carefully 
arranged Tables cannot fail to be of the utmost utHity." -'Miuing^ joumaL 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 

Mechanic ; giving Rules for the Delineation and Application of 

various Geometrical Lines, Figures and Curves, By E. W. Tarn, 

M.A., Architect, Author of "The Science of Building," &c. 

With 164 Illustrations. Demy 8vo. I2J. 6d. cloth. 

" No book with the same objects in view has ever been published in which the 
clearness of die rules laid down and the illustrative diagrams have been so iaX\&- 
fsLCtory,**—Scaisman. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction, By FfcDOR Thoman, of the Soci^t^ Credit Mobilier, 
Paris. 3rd Edition, carefully revised and corrected. i2mo,4x. 6^. cl. 

A very powerful work, and the Author has a very remarkable command of his 
subject." — Professor A. d* Morgan. 
"We rccommead it to the notice of i 



' actuaries and acG0untants."-*i4^AM<rwM, 
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SCIENCE AND ART. 



Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Hate, Clasps, Solders, etc., etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, 7j. dd. Cloth. 

"The work is very practical" — Monthly Review of Dental Surgery, 
** An authoritative treatise. .... Many useful and practical hints are scattered 
throughout the work, while its value as a text book is enhanced by numerous illus- 
trations. We can strongly recommend Mr. Hunter's treatise to all students pre- 
parinsr for the profession of dentistry, as well as to every mechanical dentist."— 
Dublin Journal qf Medical Science, 



Brewing. 



A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3^. 6d, cloth. 

" A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning^ Advertiser. 

" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Breiuer. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, ro]^ 8vo, extra 
doth boards, and lettered, 4/. icxr. 

"A compendious encyclopaedia of military knowledge.**— >£<A»3wyjf A Review, 
** The most comprdiensive work of reference to the military and colkiteral science 
—yolunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, lis. complete. 

Dye- Wares and Colours. 

THE MANUAL ol COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications, 
For the Use of Dyers, Printers, Drysalters, Brokers, &e. By J. 
W. Slater. Post 8vo, 7j. dd, cloth. 

"A complete encyclopaedia of the materia iinciotia. The information is full 
and precise, and the methods of determining the value of articles liable to sophistica- 
tion, are piactical as well as valuable.'*— C^wm^ Oind Druggist. 
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Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, Vice-President of the Society of Telegraph 
Engineers, &c. Illustrated with 470 Illustrations. Crown 8vo, 
I2J. 6d. cloth. [Just published. 

"A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide "Introduction." 

" >Ve can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — Athefumm. 

" An admirable text-book for every student— beginner or advanced— of electricity." 
'—Engineering'. 

'' A most elaborate compilation of the facts of electricity and magnetism." — Poplar 
Science Review. 

Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Fourth Edition, with joo Woodcuts. 8vo, lA 4J. cloth. 
"The accounts ^iven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting."— Zaxr^/. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth, 41. 

"As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write." — English Mechanic. 
" The best possible manual on the subject of magnetism." — Mechanics* MagoMine. 

Chemical A nalysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of "Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." Nov Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous lUustrationSi Cr. 8vo, lis. 6d. cloth. 
"We recommend^ this book to the careful perusal of every one ; it may be truly 

affirmed to be of universal interest, and we strongly recommend it to our readers as a 

guide, alike indispensable to the housewife as to ue pharmaceutical practitioner."— 

Medical Times. 
" Essential to the analysts appointed under the new Act. The most recent results 

are given, and the work is well edited and carefully written."— iVa/K^. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.| F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. Svo, ^s, 6d, doth. 
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Gold and Gold-Working. 

THE PRACTICAL GOLD-WORKER ; or, The Goldsmith's 
and Jeweller's Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George 
E. Gee. Crown 8vo, yj. 6^. cloth. 

"A good, sound, technical educator, and will be generally accepted as an 
authority. It gives full particulars for mixing alloys and enamels, is essentially a book 
for the workshop, and exactly fulfils the purpose intended." — Horological yournal. 

" The best work yet printed on its subject for a reasonable price. We have no 
doubt that it will speedily become a standard book which few will care to be with- 
out." — yeweller and Metalworker, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By George E. Gee, Jeweller, &c. Crown 8vo, with numerous 
illustrations, yj. 6^. cloth. 

" This work is destined to take up as good a position in technical literature as the 
Practical Goldworker^ a book which has passed through the ordeal of critical ex- 
amination and business tests with great success." — Jeweller and Metalworker. 

Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of ** Astronomy with- 
out Mathematics," &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale's Series), ^, -6d, ; cloth boards, 5j. 6d. 

" As a popular and practical treatise it is unapproached." — English Mechanic. 

''The best work on the subject probably extant. The treatise on bells is im- 
doubtedly the best in the language. To call it a rudimentary treatise is a misnomer, 
at least as respects clocks and bells. It is the most important work of its kind in 
"EnzW:^**— Engineering. 

"The only modem treatise on clock-making." — Horological yournal, 

" This admirable treatise on clocks, by the most able authority on such a subject, 
is completely perfect of its kind." — Standard. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars — their Distances and Masses. By Professor 
J. R. Young. Fcap. 8vo, 5j. cloth. 

** Distinguished by the true spirit of scientific inquiry, by great knowledge,, by keea 
'-v^cal ability, and by a style peculiarly clear, easy, and vaiofstiSx^* ^Nonconformist. 
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DR. LARDNER'S POPULAR WORKS. 
Dr. Lardner's Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of I2CX) Engravings on Wood. In 6 Double Volumes. 
Price £\ is., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IJ. 6d. 

"The 'Museum of Science and Art' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is harcUy to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable \atsitvX"'^Exainvur, 

*♦* Separate books formed from the above, suitable for Workmen^ s 

Libraries, Science Classes, 6fc, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containmg Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav* 
ing, &c. 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s, 6d, 

POPULAR PHYSICS. Contaming Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various foans of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is. 6d. 

Scientific Class-Books^ by Dr. Lardner. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 
328 Illustrations. Sixth Edition, i vol. 3J. 6d. cloth. 
" Convevs, in clear and precise terms, general notions of all the principal divisions 
of Physical Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 
With 190 Illustrations. Second Edition, i vol. 3J. 6^. cloth. 
"Clearly written,well arranged, and excellently illustrated."— CParuSmrr/CArv^r 
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DR. LARDNER'S SCIENTIHC WORKS. 
Asironomy. 

THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited 
by Edwin Dunkin, F.R.S., Rl. Observatoiy, Greenwidu With 
38 plates and npwards of loo Woodcuts;. Cr. 8vo, 9;. 6d. cloth. 
" Probably no other book contains the same amount of infonnatian in so com- 
pendious and well-arranged a form." — Athemeum, 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, small 8vo, cloth, *js. 6d, 732 pages. 
" We have no hesitation in cordially recommending it,"— Edncatumal Times, 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. ByE. B. 
Bright, F.R.A.S. 140 Illustrations. Small 8vo, 2j. 6^. doth. 
" One of the most readable books extant on the Electric Tdegraphl"— ^fl;^'. Mechanic, 

LARDHEffS COURSE OF NATURAL PHILOSOPHY. 
Mechanics. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, r.R.A.S. With 378 Illustra- 
tions. Post 8vo, 61X. cloth, 
" The perspicuity of the original has been retained, * and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously papular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of VSit,"— Mining Journal, 

Heat. 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S. etc 117 Illustra- 
tions. Post 8vo, 6j. cloth. 
" The style is always clear and precise, and conveys instruclion without leaving 
any cloudiness or lurking doubts behind." — Engineering, 

Hydrostatics and Pneumatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation^' this work is not merely in- 
tended, but well adapted." — Chemical News. 

Electricity^ Magnetism, and , Acoustics. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post 8vo, 5j. cloth. 

*' The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A 298 Illustrations. Post 8vo, $s. cloth. 
** Written by one of the ablest English scientific writers, beautifully and elaborately 
HXxxstx^ttA."— Mechanics' Magazine. 

%* Thedbi/ve^ Vols, form K Complete COURSE OF Naturai. 

Philosophy. 
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Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Royal folio, bound, 
2/. I2J. 6d, \jfust published^ 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : being a Guide for Visitors to 
Public and Private Picture Galleries, and for Art-Students, in- 
eluding an explanation of the various methods of Painting ; In- 
structions for Cleaning, Re-Lining, and Restoring Oil Paintings ; 
A Glossary of Terms; an Historical Sketch of the Principal Schools 
of Painting ; and a Dictionary of Painters, giving the Copyists 
and Imitators of each Master. By Philippe Daryl, B. A. Crown 
8vo, 3^. (id. cloth. 
" The bulk of the book is occupied bv a dictionary of painters which, considering 
its small compass, is really admirable * the utility of a table of dates of painters in so 
portable a form is unquestionable. ^ We cordially recommend the hooV.— Builder. 

" Useful as bringing together in a compendious form an almost complete bio- 
graphical stock of information respecting the painters of the world. " — May/air. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Times, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, ts. cloth. 
%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
" Contains a large amount oif origifial matter, agreeably conveyed." — Builder, 
** Much may be learned, even by those who fancy they do not require to be taught, 
from the careful perusal of this unpretendmg but comprehensive treatise. " — A rt youmal. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged and adapted to the use of the Ornamental Painter and 
Designer, by Ellis A. Davidson. With new Coloured Diagrams 
and numerous Engravings on Wood. i2mo, 3J. 6d. cloth boards. 

** The book is a most useful risumi of the properties of pigments." — Builder. 

"One of the most useful of students' books, and probably the best known of the 
few we have on the 9,yxh}ect."— 'Architect. 

Wood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, haiid- 
somely printed, with Ten large Plates, 2s, 6d, 
" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
rom * A Lady's ' publication." — Atheneeum. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY. By 
James Greig Badenoch. Illustrated with Twelve full page 
Engrayings of Examples, &C. i2mo. u. cloth, \jfust publisher 
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Delamotte^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSB., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, 9^. Elegantly bound, cloth antique. 

" A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be usefuL . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athenaum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c, &c. Collected and engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s, 6d. ornamental boards. \jfust published, 

** A well-known engraver and draughtsman has enrolled in this lis^ul book the 



result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be \ise.iyjl,**^-Athen4gum, 



EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesq\ie ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2J. 6«/. ornamental boards, [Just published. 

** To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which die letters of the alphabet and numerals can be formed, and the talent whic 
has been expended in the conception of the various plain and ornamental letters is 
wondeiful. ** —Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6s, cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven ana intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged. " — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias* 
ticsd Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal Svo, i.r. 6d» in ornamental boards. 
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AGRICULTURE, GARDENING, &c. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink, Author of ** How to Grow One Thou- 
sand Pounds of Potatoes from i lb. of Seed. " With Illustrations. 
Second Edition. Cr. 8vo, 2j. cloth. \yust fublisked, 

"A well written little volume. The author gives good practical instructions 
under both divisions of his subject." — Agricultural Gazette. 

"Cordial praise must be given to Mr. Pink for his thoroughly practical and useful 
work." — Daily Chronicle. 

Kitchen Gardening, 

KITCHEN GARDENING MADE EASY. Showmg how to 

prepare and lay out the ground, the best means of cultivating every 

known Vegetable and Herb, with cultural directions for the 

management of them all the year round. By George M. F. 

Glenny, Editor of ''Glenny's Illustrated Garden Almanack," &c. 

With Illustrations, 1 2mo, 2s. cloth boards. [7«J^ Published, 

"As a guide to hardy kitchen gardening, this book will be found trustworthy and 
useful to the many who cannot spare the time to consult more comprehensive and 
detailed works."— iVl?r/A British Agriculturist. 

Bulb Culture. 

THE BULB GARDEN, or. How to Cultivate Bulbous and 

Tuberous-rooted Flowering Plants to Perfection. A Manual 

adapted for both the Professional and Amateur Gardener. By 

Samuel Wood, Author of "Good Gardening," etc. With 

Coloured Illustrations, Plans, and numerous Wood Engravings. 

Crown 8vo, 3^. dd, cloth. 

" Supplies the want which has hitherto existed of any sufficiently modern work of 
the kind. The book contains practical suggestions as to the arrangement of 
the flowers, and the growth of flower-roots for the trade, as well as for amusement." 
-Saturday Review. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc., etc. By John 
EwART, author of "The Land Improvers Pocket Book," etc. 
With numerous Illustrations. Cr. 8vo, 5^. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time, when the question of the food supply of 
the country has become one of the leading topics of the day." — Meat and Provision 
Trade i Review. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 41. cloth. SJ^st published 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition, with considerable 
Additions, &c, and numerous Illustrations. Cr. 8vo, 5^*. cloth. 

" A thoroughly useful guidebook for the amateur gardener.**— Z?rt/^ Telegraph. 

" A very eood book, and one to be highly recommended as a practical guide. 
The practical directions are excellent*' — Atheneeum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By Samuel 
Wood, Author of ** Good Gardening," &c. 3rd Edition, revised. 
With Wood Engravings. Cr. 8vo, 2J. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market gtovtex."--GanUner's Magazine. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. 187 
Woodcuts. i2mo, 4J. cloth. 

Scott Burfis System of Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — UtiUsation of Town-Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, izr. 
"There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of bis operations." — Observer, 

Ev^aris Land Improver^ s Pocket-Book, 

'THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4r. 
*' A compendious and handy little \<A\aa!t**— Spectator, 

Hudson s Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 
' 'Of incalculable value to country gentlemen and professional men. " — Farmer' syoumeU. 

Complete Agricultural Surveyor's Pocket^Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. dd, 
** We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
"^^wart's work greatly enhances the value and usefulness of the latter-mentioned . « 
'\ most useftu as a manual for refexence."— JVbr^A of England Farmer, 
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Yauatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn, Author of "The 
I^sons of My Farm," &c. One large 8vo volume, 860 pp. with 244 

Illustrations. l/. u, half-bound. 
" Tlie standard and text-book, with the fanner and grazier. "-y/^arMMr^x Magazine. 
**A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

Donaldson and Burns Suburban Farming, 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice by Robert Scott Burn. With numerous 
Illustrations. Crown 8vo, 6j. cloth. 
*'An admirable treatise on all matters connected with the laying>out and cultivation 
of dairy farms." — Live Stock Journal, 

Scott Bum's Introduction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c By R. Scott Burn. With numerous lUus. Fcp. 6s. cl. 
"A complete introduction to the whole rqund of fanning practice." — John Bull, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C Norris. Royal 32mo, cloth, 5j. 
" A neat and concise book of reference, containing an admu-able and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of fumitiu-e, &c." — Standard. 

The Management of Estates, 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Fanning, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. Scott Burn, 
Fcp. 8vo. numerous Illustrations, y. 6d, 

" A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates.** — Jo7i>nal of Forestry. 

** A very useful vade-mecum to such as have the care of land." — Globe. 

" Should be in the hands of all young men whose pursuits are in aay way con- 
nected with land." — Estates Gazette. 

" A valuable and important work on a subject of imperative moment, as there is r 
large and daily increasmg demand for farm produce of all kinds/' — Fanner's Hera ' 
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"yf Complete Epitome of the Laws of this 
Country y 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. i6th Edition, 
Revised to the end of last Session. Including a Summary of the 
principal Acts of the past Session (1878), viz. : — The Bills of Sale 
Act, The Weights and Measures Act, The Dentists Act, The 
Public Health Act (as to the Supply of Water to Dwelling- 
houses), The Matrimonial Causes Act (as to aggravated Assaults 
upon Wives), &c, &c. With Notes and References to the Au- 
thorities. Crown 8vo, price dr. 8^. (saved at every consultation), 
strongly bound. {jfust ptiblisheiU 

COMPRISING THE LAWS OF 
Bankruptcy — Bills of Exchange — Contracts and Agrbbmsnts — Copyright 

— DOWBR AND DiVORCB — ElBCTIONS AND REGISTRATION — INSURANCE — LiBBL 

AND Slander — ^Mortgagbs— Settlements— Stock Exchange Practice — 
Trade Marks and Patents — Trespass, Nuisances, etc — ^Transfer of 
Land, etc. — ^Warranty — ^Wills and Agreements, etc. Also Law for 
Landlord and Tenant — Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and Legatees — Husband and Wife — Executors and Trustees — Guardian 
and Ward — Married Women and Infants — Partners and Agents — Lender and 
Borrower — Debtor and Creditor — Purchaser and Vendor — Companies and Asso- 
ciations — Friendly Societies — Clergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers — Contractors — Stock and Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — Auctioneers, House-Agents— 
Innkeepers, &c. — Pawnbrokers — Surveyors — Rail ways and Carriers, &c, &c. 
*' No Englishman ought to be without this book." — Engineer^ 
*' What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. Hie book is a handy one to have in readiness 
when some knotty point requires ready solution." — BelVs Life. 

" A concise, cheap, and complete epitome of the English law, so plainly wiittcn 
that he who runs may read, and he who reads may understand. " — Figaro. 

" A useful and concise epitome of the law, compiled with considerable care." — 
Laiv Magazine. 

" Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we doubt not, prove of considerable worth." — Economist. 

A uctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lor. 6rtf. cloth. 

\Jttst published. 
*' Mr. Squibbs writes with evident knowledge of his subject and shrewd common 
sense. His book should be useful to young auctioneers, and serviceable for 
reference even to old ones." — Scotsman. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Edward 
Lance Tarbuck, Architect and Surveyor. i2mo, 5J. cloth boards. 

*' We are glad to be able to recommend it." — Builder. 
*' The advice is thoroughly practical." — Law Journal. 
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BTTPIMENTA BY SCIENT ITIC SEIUES. 

„^ ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— lYiK Orden and Iheir .ffiilhelic 

Principlfs. By W. H. Lkbds. lUuitcited. 19. 6d. 

17. ARCHITECTURE— STYLES~The History and Description of 

the Stylet of Architecture of Viriom Counlriej, from IhB Eirliest to the 
PnueutPuiod. llrT. Talbot Bi;HT,I'.R.I.li.A.,«cc. Illusttated. 11. 
•,• OaoiRS A«D Stvlks or Archiimcioiib, I'a Ont yol., ti. id. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

An:hitectuT& ag deducibis from Nature and ciempliGcd in the Worlu uf the 

Greek and Gothic Archilecu. Bv E. L. Garbitt, Architect, llluiirated. k, 

■.• Till Ikrtl frtadinr WurlU. ,« On* kandtomt Vol., half iound. tHlHltd 

■'MomiH A.cmTBCTU«i."/r/«6». 

22. THE ART OF BUILDING, Rudiments oP. General Principles 
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Architecture, Building, etc., continued, 
25. MASONRY AND STONE CUTTING, Rudimentary Treatise 

on : in which the Principles of Masonic Projection and their application to 
the Construction of Curved Wingp- Walls, Domes, Oblique Bridges, and 
Roman and Gothic Vaulting", are concisely explained. By £dward Dobson, 
M.R.I. B.A., &c. Illustrated with Plates and Diagrams. 2s. (A.X 

44. FOUNDATIONS AND CONCRETE W^^^^.S', a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Fonadation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., 8cc. Fourth Ecution, revised by 
Gborgb Dodd, C.E. Illustrated, zs. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Eighth Edition, revised and enlargfed. Numerous Illustrations, zs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, Ice. By G. R. Burnbll, C.E. Eleventh Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the Gr«neral Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildines, Mines, Lighthouses, 
Ships, 8cc. By Charlbs Tomlinson, F.R.S., 8cc. Illustrated. 3s. 

83«*. CONSTRUCTION OF DOOR LOCKS, CompUed from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charlxs Tom- 
UNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safbs by Robert Mallet, M.I.C.E. Illus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, <5r*^.; Experimental Essavs 
on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, zs. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Somd applied to the purposes of the;Architect and 
Builder. By T. Rogbr Smith, M.R.I.B A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, zs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS^THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with a Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, zs. 
•#• Tht two f receding Works in One handsome Vol,, half bound, entitled "Ancient 

. Architecture," frice 6*. 
132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.^ 

1 56. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers*, Painters*, Paper- 
hangers*, Gilders*, Smiths*, .CarpentoV, and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCK WOOD ^ CO:S BUILDER'S AND CONTRACTORS 

PRICE BOOK, for 1880,; containinfi^ the latest Prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected \rith Building : Lists of 
the Members of the ICetropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINERY— T-BX. Elementary Prin- 

ciPLBS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d. J 

The X indicates thai these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued, 

1 82*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 

accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. ; 

cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By George Wight- 

WICK. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING: A Practical Manual of. With 9 Coloured Plates of Woods 
and Marbles, and nearly 150 Wood Engravings. By Ellis A. Davidson. 
Second Edition, carefully revised. 5s. cloth limp : 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting-, and Setting : 
Pointing; Paving, Tiling, Materials; Slating and Plastenne; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustratea. zs. 6d. 

191, PLUMBING, A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Second f^ition, revised and much enlarged. Containing 300 
Illustrations. By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

[Just j^ublished. 

192. THE TIMBER' IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised. 3s.t 
205. THE ART OF LETTER PAINTING MADE EASY, By 
James Grbio Badbnoch. Illustrated with 12 full-page Eng^ravings of 
Examples, it. ^ [^ust published, 

CIVIL ENGINEERING, ETC. 

13. CIVIL ENGINEERING, the Rudiments of; for the Use of 
Beginners, for Practical Engineers, and for the Arm^ and Navy. By Henry 
Law, C.E. Including a Section on Hydraulic Engineering, by George R. 
BuRNELL, C.E. 5th Edition, with Notes and Illustrations by Robert 
Mallet, A.M., F.R.S. Illustrated with Plates and Diagrams, ss.t 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdalb Dempsey, C.£. New Edition, enlarged. Illustrated, is. 6d. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Dempsey, C.E. New Edition. Illustrated. 2s. 6d. 
%• With " Drainage of Districts and Lands, '^ in One Vol., xs, td, 

31. WELL'DIGGING, BORING, AND PUMP-WORK. By 

John George Swindell, Assoc. R.I.B.A. New Edition, revised by G. R. 
BuRNELL, C.E. Illustrated. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoyne, Bart., K.C.B. Illustrated, is. 6d. 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES. 
Particularly describing the Britannia and Conway Tubular Bridges. 
With a Sketch of Iron Bridges, and Illustrations of the Application of 
Malleable Iron to the Art of Bridge Building. By G. D. Dempsey, C.E. 
New Edition, vrith Illustrations, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
struction on. By Sir Macdonald Stephenson, C.E. New Edition, enlarged 
by Edward Nugent, C.E. Plates and numerous Woodcuts. 3s. 
8o«. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
' and Particulars of actual Embankments^ and also Practical Remarks on the 
Repair of old Sea Walls. BvJohn Wiggins, F.G.S. New Edition, with 
Notes by Robert Mallet, F.K.S. as. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition, 
revised and enlarged, with numerous Illustrations. 4S.^ 
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Civil Engineering, etc., continued, 

82**. GAS WORKS, and the Practice of Manufacturing and Distributing 

Coal Gas. Bv Samuel Hughes, C.E. New Edition, revised by W. 

Richards, C.£. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Mag^etic.Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By Davtd Stevenson, F.R.S.E., &c. Plates and Diagrams, is. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts: I. The Art of Constructing Common Roads, by Henry 
L.AW, C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Recent 
Practice, including pavements of Stone, Wood, and Asphalte, by D. K. 
Clark, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising :-<-z. Some of the more Common ' Forms oi 
Nuisance and their Remedies ; a. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary AuChonties, Health 
Officers, Engineers, Surveyors, Builders and Contractors. By Charies 
Slagg, A.LC.E. a8.'6d.$ [Just published. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., 8cc. Illustrated, zs. 6d. 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 

Lardner. Illustrated, zs. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, zs. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckett (late Edmund Beckett Denison, LL.D., Q.C). 

*,A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S^ 8cc. New Edition, Illustrated. 2%.% 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker. C.E. With Remarks un Tools and Machinery, by 

J. Nasmyth, C.E. Plates. 2s. 6d.^ 
114. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modem Machinery for 

different Branches of Manufacture. By C. D. Abel, C.E. zs. 6d. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules at length, and Examples for the Use of Practical Men. By 

T. Baker, C.E. Illustrated, is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Tumine. Filinc^, Burnishing, 
Bronzing, 8cc. With copious Receipts, numerous Taoles, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridees, Cranes, Ship-building, Sec, 8cc. ByT.G. Winton. Illustrated, js.t 

165. IRON AND HEAT, exhibiting the Mnciples concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Motion, Toothed-Wheel 

Gearing, Long and Short Driving Bands, Angular Forces. By Jamis 
Armour, C.E. With 73 Diagrams. 2s. 6d.* 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected. 2s. 6d.^ 
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Mechanical Engineering, etc., continued, 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich. Third Edition, iflustrated 
with 7 Plates and nearly 350 Woodcuts. 3s. 6d4 

190. STEAM AND THE STEAM ENGINE, Stationaiy and 
Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 
By D. KiNNEAR Clark, M.I.C.E., Author of " Railway Machinery," &c., 
&c. Second Edition, revised. With numerous Illustrations. 3s. 6d.^ 

2CX). FUEL, its Combustion and Economy; being an Abridgment of 
" A Treatise on the Combustion of Coal and the Prevention of Smoke," by 
\C. W. Williams, A.I.C.E. With extensive additions on Recent Practice in 
the Combustion and Economy of Fuel — Coal, Coke, Wood, Peat, Petro- 
leum, &c.— byD. KiNNBAR Clark, M.I.C.E. With numerous Illustrations. 
4». 6d.t IJust Published. 

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
Comprising an Historical Sketch and Description of the Locomotive Engine 
by G. D. Dempsby, C.E. : with large additions treating of the Modem Loco- 
motive, by D. Kimnbar Clark, M.I.C.E. With numerous Illustrations. i%.X 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETG- 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. Hy 
JAMES Peakb, School of Naval Architecture, H.M. Dockyard, Portsmouth 
burth Edition, corrected, with Plates and Diagrams. 3s. 6d.^ 
53». SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr- 
feldt. Surveyor of the Royal Norwegian Navy. WiUi an Appendix, is. 
53«*. AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, 8cc., relative to every class of vessels, with an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert 
Kipping, N.A. Fourteenth Edition. Illustrated. 2s4 
54». IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54»*. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
" Warrior," " Hercules,^' " Bellerophon ; " H.M. Troop Ship " Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it o£F. Part II. On 
Finding the Latitude and Longitude. By James Greenwood, B.A. ^ To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms : and a Brief Dictionary of bea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. Hy W. H, Kosser, Author of the *' Deviation of the Compass con- 
sidered practically," 8cc. 2S. 6d.t [Just published, 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French. German, and Spanish. Seventh 
' Edition, revised and enlarged. Illustrated. 3S.t 
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Shipbuilding, Navigation, etc., continued. 

83JW. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised, with numerous Illustrations and Models.xs.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
Bel^t College. Illustrated. 2s. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By George Cotsell, 

N.A. Illustrated, is. 6d. 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Tenth Edition, enlarged, with an Appendix. By Robert Kipping, N.A., 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
^ Sea-Book. By James Greenwood and W. H. Rossbr. Together with 
2Q . the requisite Mathematical and Nautical Tables for the Working of the 
T"* Problems.^ By Henry Law, C.E., and J. R. Young, fomieriy Professor of 
Mathematics in Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

[Just Published. 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

FowNES, F.R.S. With an Appendix, on the Application of Chemistry to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson, Lecturer on Natural Science in King's 
College School, London. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R. Sabine, C.E., 
F.S.A. Woodcuts. IS. 6d. 

7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robert Sabine, C.E., 
F.S A. Woodcuts. IS. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 




Manual of Electricity," &c., 8cc. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A ., &c. 
Woodcuts. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson. Illustrated, is. 6d. 
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Physical Science, Natural Philosophy, etc., continued, 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts, 
6s. 6d. Cloth boards, 7s. 6d. 

•j^**, PHOTOGRAPHY, Ptpulir Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckuoven, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c. 

New Fdition, with an Appendix on '' Spectrum Analysis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt., Indian Gov. Telegraphs. 3s.t 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8tc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, pardy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S. , &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
^ Historical. Partly based on Major-General Portlock's ** Rudiments of 

1 74 Geology." By Ralph Tate, A.L.S., F.G.S., 8tc., Sic. Numerous lUustra- 
' T* tions. In One Volume 4s. 6d.t 

183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

184.. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

%* Sold also in Two Parts t as follows : — 

183. Animal Physics. P>y Dr. Lardner. Part I., Chapters I— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII — ^XVlII. 38, 



MINING, METALLURGY, ETC- 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6A.% 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. Seventh Edition, revised, with important addi- 
tions, including the Electro-Deposition of Nickel, &c., &c. Woodcuts. 
3s.t \yust published. 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Alaterials from, and 
Processes by, which they are manufactured ; their Special Uses, Applica- 
tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d.t 

172* MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 4s. 6d. ; 
cloth boards, 6s. 
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Mining, Metallurgy, etc., continued. 

176. METALLURGY OF JRONy a Treatise on the. Containing 
History of Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. Baubrman, F.G.S. 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d4 

180. COAL AND COAL MINING, A Rudimentaiy Treatise on. 
By "Warington W. Smyth. M.A., F.R.S„ &c., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. New Edition, revised 
and corrected. With numerous Illustrations. 3s. 6d.t 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 

PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments; also the Correct Principles of Laying out and Valuing Mineral 
Properties. B^ William Lintern, Mining and Civil Engineer. Witk 
four Plates of Diagrams, Plans, &c. 3s. 6d.^ 



AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By 
G. Drysdalb Dkmpsby, C.E. Illustrated, is. 6d. 
%• With " Drainage of Tottms and BuildingSf" in One Vol., 3*. 6d, 

63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive 
Powers and Machinery of the Steading, Field Machines, and Implements. 
}\y G. H. Andrews, C.E. Illustrated. 3s. 

66. CLAY LANDS AND LOAMY SOILS. By Professor 
Donaldson, is. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, from i^x to 
£S per Qr. With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott 
Burn. Woodcuts. 35. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s* 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. «. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outunbs of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil, Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEET; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 

prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them 
all the year round. By George M. F. Glknnv, Editor of " Glenny's Illus- 
trated Garden Almanack," and Author of " Floriculture," &c. is. 6d.t 
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FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Painting^, &c. By Gborgb Pynb, 

40 GLASS STAINING ; or, Painting on Glass, The Art of. Com- 
Sc prisine Directions for ProDarin? the Pigments and Fluxes, laying them upon 
^j^ the Glass, and Filing or Burning in the Colours. From the German of Dr. 
* * Gbssert. To whiv h is added, an Appendix on Thb Art op Enamelling, 

Sec, with Thb Art of Painting on Glass. From the German of Emanuel 

Otto Fromhero. In One Volu ne. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spbncbr. as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charles 

181. PAINTING POPULARLY EXPLAINED, includuig Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivor>', Vellum. Pottery, Enamel, Glass, Sec. Witn Historical 
Sketches of the Progress 01 the Art by Thomas John Guluck, assisted by 
John Timbs, F.S.A. Fourth Edition, revised and enlarged, wiUi Frontispiece 
and Vignette. 5s.t 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By Gborgb Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By £lus A. 
Davidson, Author of "Drawing for Carpenters," &c. With two new 
Coloured Diagrams and numerous Engravings on Wood, js.t 



ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on ; in which 
their Construction and the Methods of Testing, Adjustine, and Using them 
are concisely Explained. ^ By J. F. Heather, M.A., of tne Royal Military 
Academy, Woolwich. Original Edition, in z vol., Illustrated, zs. 6d. 
• 0* In orderingihe above, be careful to say, " Original Edition,** or give the number 
in the Series (32) to distinguish it from the Enlarged Edition in 3 vols, 
{Nos. 168-9-70.) 
60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also ror Practical Land Sur\'eyors and Engineers. Hy 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams. 2s.t 

bi*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, lliurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2S. 6a. tOj^z per acre, and 
Tables for the Valuation of Land, from zs. to ;^z,oooper acre, and from one 
pole to two thousand acres in extent, Sec, &c. zs. 6d. 
•^e. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isomctrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with Z4 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 2 z5 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By T. F. Heather, M.A. [In preparation, 

*«* The above three volumes will form a Complete Elbmbntary Coursb of 

Mathematical Drawing. 
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ALrithmetiCy Geometry, Mathematics, etc., continued, 

^Z. COMMERCIAL BOOK-KEEPING. VTith Commercial Phrases 
and Forms in Engrlish, French, Italian, and German. By Jamss Haddon, 
M.A., Arithmetical Master of King's College School, London, xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. Bj J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Inaproved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
83*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of Eling^s College School. With Appendix, 
containing misc^aneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 

86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various expedients 
necessary in Algebraical Operations. Especially adapted -for Self-Instruc* 
tion. By J. R. Young, is. 6d. » 

88. EUCLID y The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which .is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

%• Sold also separately, viz. .•— 

« 88. EucuD, The First Three Books. By Henry Law, C.E. zs. 

89. EucuD, Books 4, 5, 6, zi, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James HANN,'late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.X 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowung, C.E. is. 
%• Or with " The Elements of Plane Trigonometry*^ in One Volume, aj. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling ot Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

I0i». MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., 8tc. is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSE, F.R.A.S., &c. is. 6d. 

105. MNEMONICAL LESSONS, — Geometry, Algebra, and 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Akman. 
is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

The t t'ndtcates that these vols, may be had strongly bound at 6d. extra. 
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Arithmetic, Geometry, Mathematics, etc., continued, 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapiaity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. ^.X 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copjring, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Hbathbr^ M.A^ late of tne Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry/' &c., &c. 
Illustrated, is. 611. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
hy Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — ^I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employ^ in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

%* Tk^ above three volumes form an enlargetnent of the Author's original work, 
** Mathematical Instruments: their Construction^ Adjustment ^ Testing, and Use* 
the Eleventh Edition of which is on sale, price is. td. {See No, 32 in the Series.) 

^6^.^ MATHEMATICAL INSTRUMENTS. By J. F. Heathex, 
169. r M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
lyo.y above, in One thick Volume. With numerous Illustrations. 4s. 6d.X 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, Bcc., &c. ; Unequal-sided, Square-sided, Octagonal- 
aided^ Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors. 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^oor Thoman, of the Society Credit 
Mobilier, Paris. 48.^ 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Kxplanations of 
Decimals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Mathematics in Belfast College. 3s.t 

204. MATHEMATICAL T^^ZiS'-S, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry I-AW, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe* 
matics in Belfast College. New Edition. 3s. 6d.t . ^ust published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE^ 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGV, the FINE ARTS, 6^c. By John Wealb. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER. 
VICES. By David Gibbons. Third Edition, revised and considerably 

enlarged. 3S.t 

^^ 7^he t indicates that these vols, may be had strongly bound at dd. extra. 
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Miscellaneous Volumes, continued. 
112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. 8s4 

II2*. MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 

150. LOGICy Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY. With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playpord, Sworn Broker, is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, Sec, &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-lirewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housekeeper. 3s. 6d.t 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 
112 By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 

j, ' M.D. III. MANAGB.MENT OF HEALTH. By Jambs Baird. In One Vol., 

^ strongly half-bound. 6s. 
112*. 



EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. A Text 
Book for Schools and Colleges. By Wiluam Douglas Hamilton, F.S.A., 
of Her Majesty's Public Record Office. Fourth Edition, revised. Maps 
and Woodcuts. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Honae, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvien, of Balliol College, Oxford. Map, 2s. 6d, ; cl. bds. 3s.6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German 
War. ITie Continuation by W. D. Hamilton, F.S.A., of Her Majesty's 
Record Office. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. ,xs. 
The t indicates that these vols, may be had strongly bound at 6d. extra, 
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ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Third Edition, is. 6d. 

II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d.; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
x6th Edition, is. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si)ani8h, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. Sixth Edition, carefully corrected. 
2S. 6d. 

52. Minir^ and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Coluns, F.G.S., Lecturer to 
the Miners' Asilociation of Cornwall ana Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Public and Private Examinations. By the Rev. Edgar 
Rand, B.A. is. 

• 54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Briet Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink, Practical Chemist, &c., and George 
£. Webster, Lecturer on Metallurgy and the Applied Sciences, Notting- 
ham. 2S, 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primer, ^d. 



s, d. 

First Standard . .06 
Second „ . . o zo 

Third „ ..10 



' s, d. 

Fourth Standard . ..is 

Fifth „ ... 1 6 

Sixth „ ...16 

Lessons from the Bible. Part I. Old Testament, is. 

Lessons from the Bible. Part II. New Testament, to which is added 

The Geography of the Bible, for very young Children. By Rev. C. 

Thornton Forster. xs. 2d. %* Or theTwo Parts in One Volume. 2s. 



FRENCH- 

24. French Grammar. With Complete and Concise Rules on the 
Genders of French ^ouns. By G. L. Strauss, Ph.D. xs. 6d. 

'•5. French-English Dictionary. Comprising a large number of 
New Terms used in Engineering, Mming, on Railways, &c. By Alfred 
Elwbs. xs. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. *«* Or with the Grammar, cloth boards, 4s. 6d. 
7, stationers' HALL COURT, LUDGATE HILL, E.C* 
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French, cofttinued, 

47. French and English Phrase Book : containing Intro- 
ductory Lessons^ith Translations, tor the convenience ot Students ; several 
Vocabularies of Words, a Collection of suitable Phrases, and Easy Familiar 
Dialogues, zs. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors ot Germanv ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. xs. 

41. German Triglot Dictionary. By Nicholas Estkrhazy, 

S. A. Hamilton. Part 1. English-German-French, is. 

42. German Triglot Dictionary. Part IL German-French- 

English. IS. 

43. German Triglot Dictionary. Part HI. French-Grerman- 

English. IS. 

41-43. German Triglot Dictionary (as above), in One Vol., 3s. ; 

cloth boards, 4s. *«* Or with the German Grammar, cloth boards, 5s. 



ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfrbd Elwes. is. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down* By Alfred Elwes. 
Vol. I. Italian-English-French. 2S. 

30. Italian Triglot Dictionary. By A. Elwes, Vol. 2. 

English-French-Italian. 2S. 

32. Italian Triglot Dictionary. By Alfred Elwbs. Vol. 3. 

French-Italian-English. as. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 6s. 

32. cloth boards, 7s. 6d. 



SPANISH AND PORTUGUESE. 

34. Spanish Granoinaar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwbs. 
4s. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of Exercises. By Alfrbd Elwbs, Author of " A Spanish 
Grammar," 8cc. is. 6d. 



HEBREW. 
46*. Hebrew Granaimarv By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
- Rabbinical Writings. By Dr. Brbsslau. 6s. %* Or with the Grammar, 7s. 

46. English and Hebre^w Dictionary. By Dr. B&esslau. 3s. 
44,46. Hebre'sv Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, 12s. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin- English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian "Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. •,• Or with the Grammar, cloth boards, 53. 6d. 

LATIN CLASSICS. With Explanatory Notes in EngUsh. 
I. Latin Delectus, Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 

2« Caesaris Commentarii de Bello Gallic©. Notes, and a Geographical 
Register for the Use of Schools, by H. Young, as. 

12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. 
James Davibs. M.A. xs. 

13. Giceronis Orationes in Catilinam, Verrem, et pro Archia, 

With. Introduction, Analysis, and Notes Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, (Jxford. 
xs. 6d. [Jusi published. 

14. Giceronis Cato Major, Laelius, Brutus, sive de Senectute, de .Ajni- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. as. 

3. Cornelius N epos. "With Notes. By H. Young, is. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

YouNo. xs. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

rigo Smith, M.A., F.R.G.S. is. 6d. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 

16. Livy ! History of Rome. Notes by H. Young and W. B. Smith, 

MA. Part I. Books i., ii., xs. 6d. 
x6*. Part a. Books iii., iv., v., xs. 6d., 

17. Part 3 Books xxi., xxii., is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. xs. 6d. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis ^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar of Brasenose 



1: 



College, Oxford. 3s. 

Part I. Books i. — ^vi., is. 6d. 



'mj/ Published, 
^ust published, 
^ust published. 



5*» Part a. Books vii. — xii., as. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, 8tc. Notes by W. B. Donne, M.A. as. 
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14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hams 
Claude Hamilton, is. 6d. 
I c 17 Greek Lexicon. Containing all the Words in General Use, with 
' their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. i. Greek-English, 28. ; Vol. 2. Enghsh-Greek, 2s. Or the 
Two Vols, in One, 4s. : cloth boards, 5s. 

14,15- Greek Lexicon (as above). Complete, with the Gkammar, in 

17. One Vol., cloth boards, 6s. 
GREEK CLASSICS. With Explanatory Notes in English. 
I Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged isupplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

20 .^schylus : Prometheus Vinctus : The Prometheus Bound. From 
' the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 

by the Rev. James Davies, M.A. is. 
22 .^schylus : Septem Contra Thebes : The Seven against Thebes. 

* From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes s Acharnians. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 
26 Euripides: Alcestis. Chiefly from the Text of Dindorf. With 

* NotesTcritical and Explanatory, by John Milnbr, B.A. is. 6d. 

21 EuriDides : Hecuba and Medea. Chiefly from the Text of DiN- 

DORF. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 

A 17 Hetodo^us!*The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 

-RYnlanatnrv bv T. H. L. LbARV, M.A., D.C.L. 

Explanatory, bg^^^j^^^ ^. (^he clio and Euterpe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. , 
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S, 
Part i •* Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 
c 12 Homer, The Works of. According to the Text of Baeumlein. 
^ ' With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 

THE iLii^":^''''' P^i'. Bfoi* i. to vi., is.6d. Part 3. Books xiii. to xrdii., xs.^. 

THB ILIAD . ™ ^ g^^^ ^. ^^ ^..^ ^^ ^^ p^^ ^ B^^j,g ^^^ ^ ^^^^ „, 5d 

Thb Odyssey : Part 1. Books i. to vi., is. 6d Part 3. Books xni. to xviii., is. 6d. 
IHB UDYSbBx. j^^^ Booksvii.toxii.,is.6d. Pari; 4. Books xix. to xxiv., and 

Hymns, 28. 

A Luclan's Select Dialogues. The Text carefollv revised, with 

^' Grammatical and Explanatory Notes, by H. Young, is. 6d. 
n. Plato's Dialogues: The Apology of Socrates, he Cnto and 
^ thePhasdo. FromtheTextofC.F. Hermann. Edited with Notes. Critical 

and Explanatory, by the Rev. James Davies, M.A. as. • 

18 Sophocles : CEdipus Tyrannus. Notes by H. Young, is. 
20 Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. Tohn Milner, B.A. 2s. 

41. Thucydides : Histo^r of the PeloponnesianWar. Notes by H. 

^°"'^°;.v,^°^V' A n fll^asis • or The Retreat of the Ten Thousand. 
"' 3- '^''^^J'^I'gIo^I^^A Youno. Part x. Boolcs i. to iii„ 

IS. Part 2. Books iv. to vii., IS. j t *^ 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jewiti. is. 6d. , _. , ^, -m.*!' 

43. Demosthenes, the Oration on the Crown and the Philippics. 

^^ With English Notes. By Rev. T. H. L. Leaky. D.C.L., formerly Scholar of 
Bras enosl College, Oxfor d, is. 6d^ \Jusi Published. 
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